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PREBWCE BY THE EDITOR. 


If ji man lias spent tlie j,n*eat(‘r part of liis life 
as a t(*aelier of a^n*ienlfnre and an experinientor, and 
has ))(‘en vi sneeessfnl farim*r at (he same time, and 
has had tin* advanlaj^o* cd’ mm*h travel, his opinions 
upon farm nii'tliods should he invaliiahle to his fel- 
lows. If, in adilition to all this, he has had a philo- 
sophic turn of mind, arnl has persistently iinpiinal into 
th(‘ reasons and r«*snlts of all that In* has seen, it 
would seem to he nothing; h*ss than a puhlie misfor- 
tnin* if In* should fail to leave sonn* of his wisdom in 
permanent and eons(‘eutivi* form. At any rate, this 
has h(*en my ehi(*f tliou^lit in iiersnadin^^ Professor 
Roberts to write this hook. The hook is. therefore, 
a personal one. It sets forth the author's philosophy 
of the means of maintaining? tin* prodm*tivity of the 
land : and since the productive power of the land is 
the tii-st and fundamental consideration in farming?, 
it must follow that this book <*onies as near to lioing 
a treatise on a{?riculture as any sinf?le volume can 
be. It appeals to me with especial force, because it 
80 well combines the cun*ent ideals of science with 
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the piiilosopliy of farm-|>ni<*tice. It is tho ripened 
jiidf?inent of wisest fanner whom I liave known. 

I confess that I have looked with soim' appre- 
hension ii])on the rapid diffusion of exix'riimmtal 
s(*i(‘ne(‘ of n^MMit y(‘ars, for th<‘r(‘ is danf^er tliat this 
knovvh‘(ljj;(‘ may overshadow the importance of a(‘(*ns- 
tom(‘d farm - pra<‘l ie(‘, and lead tin* farniei* to demand 
speeitie ruh‘s for (‘aeh perpl(‘xity and to (h'pend upon 
the Experiment Station and the teacher for his farm- 
inj>:. The most im])ortant mission of tin* Kxp(‘riment 
Station, at the pres(‘nt tinn*, is to h‘ad the farnn'r to 
mnh'rstand mon* fully the und(‘rlyin^ reasons for the 
(‘oinmon things whi<*h he do(*s. It is not too niiieli to 
say that V(‘ry tew farm(*rs r(‘ally know the ])hilosophy 
of plowing. Tin* Expt*rinn*nt Station (*an, for tin* 
most part, work out only jj:(‘in*ral principles and 
nn*thods, and tin* farmer must modify and apply 
them as best In* (*an ; for (*aeh farm is a local 
probh'in, and each farmer must be an (‘xp(*rinn*nt<*r. 
VVMien this concept ion of the Kxp(*riment Station 
work is fully appreln*inb*d, the farnn*r should be(*ome 
more self-dependent ; and the neei'ssity of workinjr 
out a philosoph} of his own, and of givin*^ more 
<*arefnl attention to every detail of the tilling of the 
land and the husbanding of his home resources, will 
become more and more apparent. The farmer must 
approach the problem of maintaining the productive* 
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iit‘ss of liis laud from srvoral dirortions, for llir 
is a larj^o out*. Ih* can iisr Kiiij^'s hook 
on " The Soil” in eoiisiderin^^ it from tin* sidt‘ 
of rational s«*i«'ne»‘, and tlio present volume will aid 
tiim in api)roa(diin^: it from the farm side. 

There are thos(* who lo(>k for the time when 
a^n*i<*ulture shall In* rediieed to a ri^id seien<*e, whi<*h 
shall lie j^overned hy a well-delined series of rules 
and pr‘(‘(M‘pts. Hut that time will never eom(‘ ! Ilaj)- 
pily, tliere is one voeation in which men eiij^’a^^t* 
which can never !»* hounded hy methods or preee- 
(hmts, one occupation whi<*h is as elastic and un- 
trammeled and unconventional as the hlowin^,^ of the 
wind, the fallin;,^ of the rain, and the sinj^dnj,^ of th(* 
birds ! The fact is that there is no science of at;ri- 
eulture. The occupation is a husiin'ss and an art 
founded upon the inte!*-play of many sciences, of 
which chemistry, hotany, physiolo;.?y, physics and eli- 
matolotjy are chief; ami the.se and all the husiness 
methods are coordinated hy t,^ood judj^nnuit and skilful 
mana^eimuit. There can he no text -hook of aj^ri<ml- 
ture, as there can he of hotany or pliysics. Many of 
the so-calh*d manuals of aj^riculture are really agri- 
cultural chemistries ; they treat only one subject out 
of the score or more which may he considered to be 
fundamental. Chemical analysis — althou^jh of the 
greatest value in given instances—caniiot tell what 
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tho land will products : it (^'in only hdl what it (‘on- 
tains. 

Fariri -pni(^ti(M*, then don*, is not th(‘ l(‘ss important 
bocaus(‘ wn now Inivo so inindi n(‘w lifjlit from sci- 
en(*(!. It is a common sayinj^ that farmers arc adher- 
ing too (doscly to the ways of their fatln‘rs, and the 
statenamt is undon])t(‘dly Irne; and yet it must be 
rememb(‘r(‘d that W(‘ netal not so niueh a revolution 
of farm-pra(die<^ as w<‘ do an improveunent of it. 
Ther<‘ is dangtu* that in tin* In^wihhuainuit of the mul- 
titude of new fa<*ts, W(‘ forg(‘t fundamental reasons 
and tin* im|)ortane«‘ of und(‘rstanding tin* eommon 
things. The farnn*r should be a philosopher. I like 
to think of him as having l)e(‘n so thorougli and 
timely and r(‘sour<*(‘fuI with Ids work, that he can sit 
on the fence at least om* day in the week and enjoy 
the fun of seeing things grow. 

L. H. BAILEY. 

CoKNKl.li I'NIVKHSITY, 

Ithaca, N. Y.. March 1, 1W7. 
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THE FERTILITY OP THE LAND. 


A CHAT WITH THE YOUNG FARMER. 

In the hurry and unrest of a new country, few 
have time or inclination to become familiar with 
plant and animal life as seen in the field and wood, 
and fewer still hav(‘ looked upon the surface of the 
earth as anything lint a mass of dirt, the particles 
of whicli are to be avoided or removed wlnmever 
they offend th(‘ siglit or interfere with (aimfort. 

Fill a flow(‘r-pot with the soft, dark eartli and 
mold from the border of the wood, and carry it to 
the student of entomology, and see if he can name 
one -half of the living forms of this little kingdom of 
life ; or hand it to the botanist, well trained in the 
lower orders of plants, and see how many of the liv- 
ing forms which these few handfuls of dirt contain 
he can classify. Present this miniature farm to the 
chemist and the physicist, and let them puzzle over 
it. Call in the farmer, and ask him what plants will 
thrive best in it ; or keep the soil warm and moist 
for a time, and have the gardener say of the tiny 
plants that appear as by magic which are good and 
which are bad. Mark well what all these experts 
have said, and call in the orchardist to tell you how 
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to (Oiaiipfe (load, litidess, despised earth into fruit ; ask 
the physioloj^ist to explain how sodden eartli is trans- 
formed into lUTve and brain. With this extended 
little field in view, (dioose the profession of agricul- 
ture if you love rural i>nrsnits, but comprehend fully 
that in doing so you are entering upon the most dif- 
fi(*ult of all pursuits : difficult in ordinary times, 
doubly so und(T the pr(‘sent (conditions, which have 
come about so rapidly that they are almost incofn- 
preliensible. 

The American inherits from his European ances- 
tors an inordinate desire for landed estates. In ear- 
lier days, many farmers acquired laud by the square 
mile, and all se(mred more than they could farm well. 
The F(Hleral (fovernment sold at nominal prices, gave 
away and indirectly forced land upon all (jomers, not 
even res(crving th(^ hilly timber lands whkdi, if tht^y 
had been reserved, would have tempered the cJimate 
and have been an ev(‘r- present sour(;e of wealth. 
The nomest('ad Act' has not brought unmixed bless- 
ings. The whole (‘ourse of our federal policy to- 
wards public lands has tended to produce soil -rob- 
bers, not farmers. Transportation by steam power 
has mad(^ the products of vast inland areas salable, 
giving value to lands which were valueless, but the 
same power has also brought the products of Asia, 
A.fri(^a and South America into competition in the 
markets of the world. 

From 1861 to 1865, vast numbers of men were 
transferred from the producing to the consuming 
class, and the prices of farm products became abnor- 
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mally hi^jh when measured by an inflated eurreney. 
These eonditions (‘ould not fail to niisl(*ad and dis- 
appoint many when the population and the (‘urnmey 
were restored to normal eonditioiis. At tlie (‘los(^ of 
the Civil War, in addition to a vast influx of for- 
(‘i^ners, there were addl'd to the farmin'^ eommnnity 
many soldiers who, in tlie hi^h priia's, saw quick 
and larjife returns from tlie rich lands whii*h had l>y 
this time been opeiu'd to settlers by tlie eonstruetion 
of extendi'd systems of railway. Durinjx the third 
ipiarter of the eentiiry invi'iitive ^^enius so imiiroved 
the appliaiiees of iif^rieulture as to quadruph^ the pro- 
ductive power of each farmer. 

From 1870 to 1880, the percentai^e iiK'rease of 
new farms was .10.71 per cent, whih^ the percenta|,m 
of increase of population was 80.8 ])(*r ('('ut. From 
1880 to 1890, the increases was but 18.80 p(*i’ cent, 
but the iiK'rease of population was 24.80 p(‘r cent. 
This sliows tliat, for a time, tlie pereenta^je im'-n^ase 
of farms vastly outran the pen'cnta^e iiKtrease of 
population. It also shows tliat the eonditions pre- 
vailing? before'. 1880 are being so rapidly revers(‘d 
that the percentage increase in population may out- 
run that of farms far enough to greatly improve 
the home markets of many farm produefs in the 
near future. Be this as it may, the farmer is wise 
who adjusts liimself quickly to present conditions, so 
unlike those of his father. To do tliis, he must see 
clearly and think straight; he must have good ex- 
ecutive ability, as well as training and practice in 
well-defined busin^ess methods. To see clearly, the 
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eye must be trained to take in a multitude of ob- 
jects quickly, to sort, compare and photograph on 
the sensitive brain those which are worth preserv- 
ing. To think straight, many scientific ficts, or 
items of knowledge, arranged in order, must be ac- 
quired, and these can be secured only by long, pains- 
taking effort. 

But to know is not enough ; the ability to exe- 
cute must be joined to knowledge, and executive 
skill is acquired in its highest form only by the 
direction and management of large affairs. It can- 
not be learned in the class-room, nor formulated 
in a text -book, and it is seldom learned by the farm 
boy because of want of opportunity ; hence the les- 
sons of tlie beginner are usually manifold, the tuition 
for the first term high, and the whole is paid for 
from his own resources, while young teachers, pro- 
fessional and business men get free tuition because 
they learn at the expense of their employers. What 
has been said of executive ability api)lies with nearly 
equal force to business ability, the lack of which in 
city and in country is evidenced in the newspa- 
pers by the word ” assignment.'^ 

To the clear eye, to the intellectual equipment, to 
executive ability and trained business methods, must 
be added manual dexterity. Until recently the un- 
told fertile acres, the favorable conditions, and the 
simple wants of the people, have arrested, in agri- 
culture, the operation of that great law — the survival 
of the fittest. It has been said that ‘'anybody can 
farm." That was, but is not tru^ From this time 
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on the struggle in fanning will be siieli as it has 
been in inereantile affairs for some tini(‘. The unfitted 
in agrieulture will have to yield for the same reason 
that many little faetories, loeated off the lines of 
transportation, furnished with inadeqnat(i power, ma- 
(diinery and brains, have been al)andoned. Many 
hillsides will be left to (*over their nakedness with a 
new growth of hardy v(‘getation. It will thus be seen 
how well eqnipp(‘d the farmer should be, how fer- 
tile in brain, in imagination and in resonrc'es ; how 
full of wisdom, of (uithnsiasm, of faith ; how qniek 
to see, how proinpt to exemite, how patient to endure 
under diflienlties, if the fertility of his land is to be 
transformed into abundant and perfect fruits and 
flowers. 

This book is dedi(aited to the young farmers of 
Ameriea. I am well acapiainted with you all, though 
yon are not aeqnainted with me, and being aeqnaint- 
ed and older than yon are, I eannot foi-bear enter- 
ing into a little familiar ehat. I know your thoughts, 
your toils and sorrows and diseonragcmieiits; your as- 
pirations, hopes and joys. I know, too, what fiber, 
endnranee and patienee farm work gives to the 
boys who make the most of what an outdoor life with 
nature has to offer. I know how hot it is in August 
under the peak of the flat-roofed barn, how large 
the forkfuls are that the stalwart pitcher thrusts into 
the only hole where light and air can enter. I 
know how high the thistles grow, and how far the 
rows of corn stretch out. I know, too, the freedom, 
fun and work of the old farm that make one expand, 
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(iiijoy and grow, and leave no bitter memories. I 
know yon w(*ll, my V)oy, — how green and brown you 
feel wlam you ('ome to the noisy city, and how you 
would lik(‘. to be free and cool again ! 

You have seen for 'the thousandth time the long, 
wavy line of smoke as the train goes swinging by, 
winding in and out among tlu‘. hills. Then you 
have loiig(Hl to drivii that mighty iron horse, feed 
him on fire, and make him leap away in wild free- 
dom. Or, pcirhaps you do not aspire so high, and 
would be content to run a street -car. You have 
even admired the bright letters on the caps of the 
motornien, and you would exchange your freedom for 
the blue coats and shiny buttons. So intently have 
you longed to have sonu* gi'cat corporation brand 
and number you, when tlui tasks at home wer(‘ hard, 
that you hav(‘ even planned to slip down those huge 
pondi posts at night with your little bundle on a 
sti(h. But when night (*anie you fell asleep, and the 
morning sun found you with thickeiuHl blood, temp- 
tation gone and courage for another day. Love 
and inheribid plu(*k saved you. You were not ready 
for the city ; you lacked knowledge, seasoned fiber 
and judgment. We never send colts to the city ; 
they lose their heads and get ''stoves up'^ by rapid 
pace and rough, hard streets. The city may need you 
later, but sidewalks are hot and hard, while the 
country roads are soft and cool. 

My scientific reader is getting anxious to know 
what manner of book this is, and in his heart he 
thinks I would better have been telling you how 
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oner^ify is into lu^at, lioat into niotion, and 

then l)a(*k into potential ener^^y a<rain. But let him 

wait ; you and I are to tinisli our ehat before we 

sit down to hard study. 

All ar(i greatly interested ,iir' you, my boy ! W(‘ 

(uinnot see how to get along without you, and yet no 
oiH^ (*ar<‘s vmy mmdi where you W(‘re born, wher(‘ 
you liv(^ or how low you start, how high you 

elimb or what you do, so long as you do right and 
lead a useful life. The world ear(‘s how you woi'k, 

and it is interested in the pi*ogr(‘ss of eivili/ation. 

It asks that (wery one of you start from just wh(‘r(‘ 
you are, without grumbling and with (a)urag(‘, and 
(‘limb faithfully, honestly and in harmony with na- 
ture’s modes of action, and the bai's whi(‘h guai'd tla* 
wealth of soil and tla^ a('.(mmulation of man’s toil 

will then fly back at your bidding. But w(^alth 

should be sought not for the pleasuiu^ of stM'uring and 
possessing it, but as a means to higlau’ ends. When 
rightly uscal, it relieves its possessor from a too se- 
vere struggle for mere existence, and gives tirm; and 
opportunity for acquiring useful and pieasurabh* ‘ 
knowledge, whi(‘h in turn naturally leads to a fulhn* 
comprehension of the real and enduring veriti(‘s 
which, though unseen by the natural eye, are all 
that remain at the close of life. Financial reserv(‘s 
and mental training are the two great stepping-stones 
by which mankind may reach a higher plane of ex- 
istence. On this higher plane, the environment is 
so broad and grand, the air so pure and thoughts so 
lofty, that all work, however menial, becomes inspir- 
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ing, and study, however hard, is pleasant and enno- 
bling. 

So, my young fanners,— who should be the pride 
of the nation and the anchor which holds the thought- 
less from drifting towards anarchy,— be honest with 
the soil and with yourself. As you acquire health, 
fiber, purpose, and courage in mounting the first step, 
do not stop at the second or the third. Aim high, 
for it has been written: ’^Aim at the sun, and you 
may not reach it; but your arrow will fly far higli(*i' 
than if aimed at an object on a level with yourself.” 

In the hurry of this intensely utilitarian age, not 
only may health and life be (?urtailed, but the better 
and loftier sides of our nature are in danger of be- 
coming dwarfed. While I may not stop to dis(Uiss 
the moral bearings of our profession, yet may I not 
ask my young reader to study what I have written 
in a broad and generous spirit, in order that the 
higher ends to be sought by study of the utilitarian 
side of the farmer ^s activities, which is presented in 
the following chapters, may be kept in mind! 



CHAPTER I. 

AN INVENTORY OF THE LAND. 

The term fertility is commonly used in a special 
sense, meaning an abundance of nitrogen, pliosphoric 
acid and potash, but its true meaning is productive 
power. One acre of laud may contain thousands of 
pounds of plant-food and yet be infertile, while 
another one may not contain a libm’al supply of the 
elements of plant growth, and yet be produ(*tiv(‘. If 
land contains a reasonable amount of potential i)hint- 
food and fails to give satisfactory results, it would 
appear to be both unbusinesslike and unscientific to 
add plant -food rather than to use that already in pos- 
session. 

Large quantities of plant -food have been locked up 
in the fields since their creation, and might as well 
not have been created for all the good which they 
have yet rendered mankind. The first problem, tliere- 
fore, that presents itself for solution, is how best to 
make available the stores of potential fertility in the 
soil. Before entering upon the subjects of cultivation 
and the physical characteristics of the land, an inves- 
tigation should be made by questioning the soil, to 
discover approximately the amounts and availability 
of the plant -food in the land, what drafts it is desir- 
es) 
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able to make upon it, how it responds to the de- 
mands, and what is likely to be bronj^ht to the land 
tVom home resoiir(t(*s. 

Some soils respond quiekly to tillage, and a por- 
tion of the potential plant- food whieh they contain 
is easily mad(j available. Most light and sandy soils 
are of this cliaracter. Others, as lieavy (days, in whi(di 
the abundant elements of plant life are likely to be 
tenaciously held in combination with other matter, 
re(pure skill and expensive Treatment to make tlu'se 
elements available. Still another (dass contains del- 
eterious (‘ompounds, which must be oxidized, or 
lea(di(*d out, or some (dunnical a(^tion must take place 
to (diange the (‘ompouuds into new forms whi(di may 
b(‘ beneficial, or at haist not injurious to plant growth. 

A careful inv(‘.stigator disco v(U‘s at oma^ that pro- 
ductivity is not the simple question of lack or abun- 
dan(*,e of potential plant-food in the soil, and that, 
although prodmdivity may b(^ increased by adding or 
withholding omv or more elements, the problem of 
how to most economically increase prodiudion is (com- 
plex. It is not necessarily solved by the mere adding 
of fertilizing substances to the soil. 

One write]’ has said that the best fertilizer for 
heavy clay land is blind drains ; another, that deep 
plowing is the chief agent. Yet some portions of 
New Jersey were (dianged, between 1820 and 1850, 
from a sandy semi-desert into fruitful fields of wheat 
and maize, producing two or three times as much 
as the average yield of the state, by plowing 
which wJis seldom deeper than four inches. Others, 
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whose opinions are not to be despised, believe that 
the red elovei* plant is a universal i)aiiae(^a for the 
ills of impoverished soils; whib‘ detliro Tull, that 
thoughtful benefa<*tor of English ai>:ri(*ulture, held 
strongly to th(‘ belief that freqiuuit and ai)propriate 
horse-lioe tillage* would result iu maximum erops for 
ail indetinite period of time. 

The modern thought is to ket‘p many domestii; aid- 
mals, and return in their voidings much of tln^ ])lant- 
food removed from the laud. But, manifestly, all 
persons eaniiot put this nudhod into ])raeti(‘e, and if 
they (*.ould, this selieime do(‘s not provide for wastes 
and toll iu many forms whiedi must o(‘(*ur b(‘twe(‘n 
the harvesting of tln^ plants and tin* i*eturn to tin; 
fields of the residuum. Then, too, tin* ])hysi(*al (*on- 
ditions of the soil, the moisture; storenl in it, its te*!!!* 
perature, the ame)uut e)f sunsbine, and otlnu* (‘limatie 
intluenees, all play su(*h important jiarts in the final 
results, that the:*y not iiifreeiuently be*eome a j)rimary, 
and plant -food a se;eoudary, fax'tor in productie>ii. It 
is ne;edless to multiply illustratieins to sliow how 
eiomplex and diflfieult the eiuestion becomes. 


THE NATIVE PTiANT-FOOI) IN THE SOIL. 

The following tables give forty- nine; well authen- 
ticated analyses of Amerie'an soils. In compiling 
them, care has been taken to use no analyses 
which seemed to be phenomenally low or high, as 
well as to secure those made by chemists of wide rep- 
utation : 
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The tables reveal the fact that even the poorer 
soils liave an abundance of plant -food for several 
crops; while the richer soils in some cases have suf- 
ficient for two hundred to three hundred crops of 
wheat or maize. The average of thirty -four analy- 
ses (Table I.) gives to each acre of land, eight inches 
deep, 3,217 pounds of nitrogen, 3,936 pounds of 
phosphoric acid, and 17,597 pounds of potash, and 
this does not include that wlii<*h is contained in 
the stones, gravel and sand of the soil which will 
not i)ass through meshes of % millimeter (1-50 of 
an inch), which, by weathering and tillage, slowly 
give up their valuable constituents. 

Some plats at Cornell University grew, in 1895, 
6,967.8 pounds of dry matter per a(*re of maize and 
stalks in hills, equal to 31,600 pounds of green material 
(containing 77.95 pei* (‘ciit of water; and from other 
plats were harvested 26,000 pounds per acre of gro(U) 
oats and i)eas in 1896, containing 75 per cent of 
water. Samj^les of the soil from one of the plats, 
which grew' the corn in 1895 and the oats and peas 
in 1896, were taken July 10, 1896, to determine the 
proportion which would pass through meshes of 1-18 
of an inch, the amount of moisture, the weight of a 
cubic foot of soil, the composition of the soil which 
passed through the sieve, the proportion of pebbles 
which would #not pass through, and also the composi- 
tion of the rejected portion (the pebbles and stones), 
which was finely powdered by mechanical means and 
then separately analyzed. The results obtained are 
as follows : 
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TABLE IV. 

Analysis of the samples. 

Weight of soil per acre to the depth of one foot 2,082,5 tons. 

** “ the moisture 172. “ 

Per cent original matter passed through the sieve .50.7!) % 

“ “ “ “ not passed through the sieve . . 41.85 “ 

“ “ loss I.;i0 “ 

“ “ nitrogen in the fine material .Ill “ 

‘‘ “ phosphoric acid in the fine material .10 “ 

“ “ potash in the fine material .51 “ 


TABLE V. 

Amounts calculated per acre one foot deep. 

In fine nut te rial. 

Nitrogen .'1,074.9 )hs. 

Phosphoric acid Jl,784.5 

Potash 12,00;i. “ 


In gravel. 

Phosphoric acid. 4,009. Ihs, 

Potash 11,229.8 “ 

Per cent phosphoric aei«l in gravel .2.2 % 

“ “ potash in gravel .05 “ 

Fine material and gravel. 

Nitrogen 2,074.9 Ihs. 

Phosphoric acid 7,792.5 “ 

Potash 22,. 292. 8 ‘‘ 


How much of this was soluble, and how much 
available, is not known. 

The ten analyses of subsoils (Table HI.) give an 
average of 4,069 pounds of nitrogen, 1,816 pounds of 
phosphoric acid, and 6,848 pounds of potash in the 
first eight inches of subsoil. So far as the averages 
are concerned we have accmrate data, but in making 
computations per acre there must be an element of 
error, since the soil was not weighed. From approx- 
imate determinations, however, it is estimated that 
c 
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ordinary soil weiglis per aere, one foot deep, about 
1,800 tons, or 1,200 tons eight inelies deep. 

In trying to discover how niu(di plant -food there 
is in an a(;re, account must also be taken of its 
availability. It is well known that no soil can be 
entirely (exhausted, yet it is equally well known that 
soils may ])roduce well and still carry (‘omparatively 
little plant- food. In the preceding tables, there is 
found in some instances as liigh as 8,000 pounds of 
nitrogen j)t‘r a<u’e in eiglit inches of surface soil, and 
(),000 pounds in the subsoil, and 4,000 to 5,000 
pounds are not uncommon. The phosphoric acid 
reaches, in one instance, 10,000 pounds in the surface 
soil and 3,000 pounds in the subsoil. The potash in 
the surfa(‘n soil in a few cases (Nos. 18, 20 and 23, 
Table I.), is u|)wards of 40,000 pounds; in Table II. 
it rises to upwards of 50,000 pounds, or 2.08 per 
cent, while in the subsoil. Table HI., it is 21,000 
pounds. In the soils selected (Table I.), the average 
amount of potasli in the first eight imdies is 5X 
times as much as the nitrogen, and 4% times as 
much as the phosphoric^ acid. The average of the 
fiftecMi analyses. Table II., shows 5 times as much 
potash as nitrogen and 1.81 times as much phosphoric 
acid as nitrogen. 

The subsoil is also rich in plant-food, but the 
material is not so available as that in the surface 
soil. By superior tillage, and by growing tap -rooted 
and leguminous plants, vast amounts of this dormant 
plant -food, uselessly carried in the subsoil from year 
to year, can be utilized ; it is not best, however, to 
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reduce the amount to a low standard in the surface 
soil, since it is good economy to have a reserve for 
unusual conditions. 

This vast store of plant -food is the farmer’s stock 
in trade, the bank upon whudi h(^ may draw. Its 
value can never be accurately determined, sitice a 
part of the plant-food is not availa))l(‘, and since 
the power of the plant to secure that whicli is avail- 
able depends upon many conditions, sinOi as the 
correc't preparation of the land, the kind of crops 
raised, tlie relative amounts of tln^ various recpiired 
constituents, and the amount of moisture present. 
The table is interesting, since from it can be com- 
puted approximately what the same amounts of avail- 
able plant -food would (M>st if purc'hased in the form 
of (‘ommerical fertilizers. It indicates and emphasizes 
how vast is nature’s storehouse^, and snggt‘sts that 
und(‘r good tre^atmemt much of li(‘r trt^asure may 
be utilized without endangen’ing th(‘ productive power 
of the land. How much may b<*st be utilized is 
largely a financial question, and (*an Ixi solved only 
by the farmer himself. Those wlio are most expert 
in their metliods, in recent years have come to the 
conclusion that increased production on good land 
is more cheaply secured by superior tillage than 
by the purchase of large quantities of fertilizer. 

The average of forty-nine analyses (Tables I. and 
IT.) show 3,053 pounds of nitrogen, 4,219 pounds of 
phosphoric acid and 1(),317 pounds of potash, and 
5% times as mu(;h potash as nitrogen, and nearly 4 
times as much potash as phosphoric acid, in eight 
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ino.hes of surface soil, per acre. Potash and phos- 
phoric acid do not ordinarily leach out of the soil 
to any appreciable extent, for whenever they become 
soluble they pass down but a little way before they 
find and unite with bases whicli arrest their further 
proj^ress, while nitrof^(in tends to leach out in the 
water of drainage. While it is not good e('X)noiny to 
apply excessive amounts of any kinds of plant -food, 
it is doubly wasteful in the case of nitrogen. Fre- 
quent and light applications of nitrogen, one in 
the fall and one in the spring, are more economical 
than infrequent and liberal applications. 

THE POOD REQUIRED BY PLANTS. 

If the amounts of the fertilizing elements set 
forth in the tables are compared with the compo- 
sition of the plants to be grown, no (au'tain knowl- 
edge as to which of the three elements should be 
added is revealed, since the one which appears to 
be the least might be the most available, and the 
one which is present in greatest quantity might be 
least available. 

It is believed that the averages s(it forth in the 
above tables fairly represent moderately productive 
soils outside of the prairie land of the middle west 
and the semi -arid or arid lands of the extreme 
west. The Census Report for 1890 gives the average 
yield of wheat for the United States at slightly less 
than fourteen bushels per acre. Allowing that two 
pounds of straw are produced for every pound of 
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grain, and taking the average analysis of wheat and 
straw, the following amounts of plant -food are re- 
moved from each acre : 

TABLK VI. 

Plant-food in a wheat crop. 


Nitrogen 29.78 lbs. 

Phosphoric acid 9.49 “ 

Potash 18.09 “ 


Comparing these amounts with the average eoii- 
taiiKul in the soil, and considering the yield of wheat 
per acre, which is only two -fifths of what is secured 
by large numbers of farmers, we are led to wonder 
what facitors hav(^ entered into wh(‘at culture to pro- 
duce such a paucity of yield in the preseiKM^ of such 
vast stores of potential plant -food I 
It would require seventy -five tons of commercial 
fertilizer, containing approximately 2 pin* emit of ni- 
trogen, 2.75 per cent of phosphoric, acid, and 11 
per cent of potash, to furnish as mu(*h plant- food per 
acre as the analyses show to be presmit in (*ach a(‘Te, 
in a potential form, on an average, in forty-nine 
soils, after the land has been cropped half a century, 
and half as much more to equal that in the first 
eight inches of subsoil. The question arises, as it 
will often arise in the discussions which follow, how 
far tillage can be carried, and to what extent cover 
crops can be used, to make these vast, natural, ever- 
present resources of plant growth economically availa- 
ble. No one can even partially answer the question, 
except he asks the soil often and intelligently, and 
then modifies the answer to suit the methods and the 
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conditions which prevail at the time and place where 
the question is asked. 

The average wheat crop removes but nine and 
one -half pounds of pliosplioric a(ud per acre. Why 
is it not able to remove thirty -eight pounds and pro- 
duce fifty -six bushels of wheat, wlien the first sixteen 
inches of the fine particles of surface soil contain, 
potentially, on the average, 7,122 pounds of nitro- 
gen, 6,035 pounds of phosphoric acid and 23,160 
pounds of potash per acre? Are the meager results 
due to lack of availability of these elements, or to 
lack of inherited power in the plant, or to imperfect 
physical soil conditions, or to insufficient moisture, or 
to all combined ! Who can solve so difficult a 
problem ! 

Nearly all the inorganic constituents found in the 
ash of plants must be present in the soil, and in 
such forms that they may be set frec^ by the action 
of the living roots. Some of the constituents, as 
salt (chloride of sodium), carbon, and others are hot 
necessary to prodiudive soils ; plants grow without 
the former, and can procure the latter from the at- 
mosphere. Their presence is not necessary, so far 
as growth is concerned, except as they may act 
beneficially on the texture, the moisture, or the or- 
ganic or inorganic substances. 

No certain information as to what amounts or 
proportions of the mineral constituents of plants are 
best is found by analyzing their ash. If a super- 
abundance of one element is present, the plant may 
not only take up more than it requires for maximum 
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yield, but so iiuudi as to be positively injurious. 
Consider the ('Use eited in Table II., No. 2, where 
2.54 per eeiit of potash was present. If evtui a 
small per eent of this were available, the plant nii^ht 
use more than required for its highest developnumt. 
On the other hand, ])lants, like animals, may thrive 
wt4l on a somewhat limited supply of one or more 
recpiired (dements, if other <3onditions ai*e favorable. 
Nitrog(‘n, phosphoric acid and potash are scddom or 
nev'er ])r(‘S(*nt in the same variety oi* sp(*(d(‘s of ])lants 
in the same proportions, raised in ditfei’imt fudds. 
Th(‘y assoeiabi themselv(‘s in th(‘ living oi’ganisms 
not only by (diemieal aflinities, but they ar(^ goveriKHl 
by many ag(mci(is, as hereditary forces in the phnit, 
moisture, sunlight, Innit and cold, ])resen(‘e or abseiK'e 
of an a))undance of plant -food and the eas(3 or dif- 
ficndty of securing it. Analyst's of soils and plants 
sometimes answer (piestions whitdi (*ould not bti 
reached in any otlu'r way, and usually indicate 
the direction whi(di should be taken to reach the 
most satisfatdory results, but tlu'y are not of them- 
selves of very great vjdue, in most cases. As the 
most carefully designed piece of matdiinery may ut- 
terly fail when put to use, so the most analytical 
research into the mysteries of soil and plants may 
fail when applied, because other forces not taken 
into account may dominate or affect the results. 

The previous tables show how variable soils may 
be, and yet be fairly productive. They also show 
how wasteful in many cases must be the applica- 
tion of a complete fertilizer, even though but a small 



24 


The Fertility of the Land. 


portion of the prime elements in the soil are avail- 
able. Those who study the tables with a view of 
receiving aid in economical production of (u*ops will 
discover at once that, having the facts revealed by 
the chemist for a basis, the real problems must be 
solved by putting questions to the soil and the crops 
in an intelligent way. To be more specific : hav- 
ing tlie composition of soil No. 19, Table I., an ad- 
dition of nitrogen to it would naturally be recom- 
mended, since it contains less than half as much 
nitrogen, but a third more of phosphoric acid and 
potash, than the average of thirty -four soils ; if the 
application were mad(i, and no increase in crop fol- 
lowed, how can the unexpected result be accounted 

for ! One or more adverse conditions out of a pos- 

sible s(}ore may have been present, such as lack of 
moisture, unsuitable physical conditions, or lack of 
vital power in the plant to take advantage of the 

increased food supply ; or the conditions as to mois- 
ture, soil, and the like, might have been of the best, 
and yet no increased yield result becaused the nitro- 
gen already in the soil was largely available, and 
more would bo superfluous and possibly even detri- 
mental. The trouble might have been, in the sup- 
posed case, a lack of available potash or phosphoric 
acid The plant alone can tell if it can avail it- 

self of enough of the mineral elements to make a 
good use of the additional nitrogen. 

It has been shown, approximately, what amounts 
of nitrogen, phosphoric acid and potash are or may 
be in the soil ; it has also been shown that it is 



Plant ‘food used by a Cotton Crop, 


25 


difficult, if not impossible, to know how much of it 
may be available for plant growth under given con- 
ditions. It is now in order to point out what 
demands are likely to be made upon tlie soil when 
some of the more common crops are grown. 

The last census (1890) shows that 20,175,270 
acres of (cotton were grown in the United States in 
1889, that it produced 7,472,511 bales of 477 pounds 
net, or 176.67 pounds per a<*Te, and it is estimated 
that for each pound of lint two pounds of seed are 
grown, or 858.34 pounds per acre. The following 
table gives the composition in percentages, and the 
total amounts of nitrogen, phosphoric^ acid and potash 
ill the seed and lint per acre of the average crop. 
Sin(‘,e the balance of the plant is not removed from 
the land, it may be ignored in this connection : 

TAni.E VII. 

Analynis of cotton. 

Nitrogen, lbs. Phos. acid, lbs. Potash, lbs. 

Seed (:i53.34 lbs.). :i.07'% 10.85 1.010% 3.0 1.1(>% 4.10 

Lint (176.07 lbs.).. .28% .49 .060 % .12 .037 % 1.13 

11.34 3.72 5.23 

A good crop of cotton, such as is raised on well 
cultivated and fertile land, is one bale per acre, or 
2% times the average yield, and therefore upon the 
better lands a draft is made of 28.35 pounds of 
nitrogen, 9.30 pounds of phosphoric acid and 13.07 
pounds of potash by each annual crop. This is not 
a large demand, but if continued through a series of 
years without a rotation of tap -rooted or leguminous 
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plants, the readily available plant -food may soon fall 
to the point at which profitable cnltivation ceases. 

The nnsatisfa(d.ory production and the unhealthy 
(M)ndition of many orchards which are mowed or 
pastured in (central and western New York led natu- 
i*ally to the cpiestion : What demands have been or 
are likely to be irnule on the hind by apple culture ? 
Investigations conducted with tlui view of answerint? 
the questions must of necessity ^ive only approxi- 
mately correct data. The followiii}^ tables,* which 
t»'ive the results in brief of two years’ work will, it 
is believed, be of value, notwithstanding;^ it is assumed 
that all of the trecvs in an a(‘i*e of ondiard are of 
the same siziq fruitfulness and {diara(der as those 
wei^di(‘d and analyzcHl. Assumin^,^ tliat thirty-five 
trees (oiu^ a(‘i‘(‘) would bear, thirb'.en years from set- 
tin^^*, five bushels of apples yearly per tree for the 
next five yc'ars, and ten bushels for the next suc^- 
eeedin^’ five years, and fifteen bushels yearly dur- 
irif? the next ten years ; and also assumiq^^^^that the 
proportion of leaves to fruit was the same as found 
in the samples, and that the apples and leaves were 
all removed, the following results are reached: 

TABLE VIII. 

Materials used and removed from an acre by a hearing 


apple orchard in twenty years. 

Nitrogen, lbs. Phos. acid, lbs. Potash, lbs 

Apples 498.6 38.25 728.55 

Leaves 456.75 126. 441. 

Trees (35) 283.15 107.45 264.25 


1,238.50 271.70 1,433.80 


^Bulletin 103, Cornell Experiment Station. 
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Some of the leaves remain on the ground wliero 
they fall, hut the greater portion is blown off the 
land whicli prodiieed them. Wlien the orehards ai-e 
elosely pastured or mowed, it is probable that th(^ fei'- 
tility earned off by pasturing or itiovving ecpials that 
restored to the land by the loav(*s which rcMiiain; if 
so, the table would be approximately eorreet as to 
the total amounts of plant -food tak(‘n from tin* 
soil. 

Foregoing tables show that an average soil 
(Table II.) has potential nitrogen sufli(‘ient for d2, 
phosphoric acid for 129, and potash for 240 (*rops of 
maize of 50 bushels p(n* acre. The av(u*ag(‘ (*ro]) of’ 
1889 was 29.44 bushels per acre. 

The table gives the amounts of nitrogen, phos- 
phoric*. a(*id and potash in sonui of tla^ leading crops 
computed on the average yield per ai'iu*, as given by 
the census of 1890: 


TABLE IX. 

Removed by one maize crop of Jiffy busheh. 


Nitrogen, ll)s. 

Maize (3,000 IbS.) .. 54.0 

Stover / 4,000 lbs.) . . 41.0 

Phos. Hcid, ll»s. 

21. 

11.0 

Potash, lbs. 

12 

50 

96.2 

32.6 

68 

TABLE X. 

Maize, 29.44 bunheh per acre. 


Nitrogen, lbs. 

Grain (1,766 lbs.).... .32.14 
Stover (4,000 lbs.)... 41.6 

Phos. acid, lbs 

12..30 

11.0 

Potash, lbs. 

7.00 

.50. 

73.74 

23.96 

63.06 
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Wheatf 13.95 buithels per acre. 


Nitrogen, lbs. 

Grain (837 Ibn.) 19.75 

Straw (2,300 Ib.s.) . . . 1.3.57 

Phos. acid, lb.s. 
7.44 

2.76 

Potash, lbs. 
5.1 

11.73 

33.32 

10.20 

10.83 

Barley, 24.32 bushels per acre. 


Nitrogen, lbs. 

Grain (1,107 Ib.s.) . . . 17.02 
Straw (2,300 lbs.). , . 30.13 

Phos. acid, lbs. 
9.21 

6.9 

Potash, lbs 
5.0 

48.07 

47.75 

10.11 

53.67 

Oats, 28.57 hu.nhels per acre. 


Nitrogen, lbs. 

Grain (914 lb.s.) 18.82 

Straw (2,400 Ib.s.) . . . 14.88 

Pbos. acid, lbs. 
7.49 

4.8 

Potash, lb.s. 
5.60 
29.70 

33.70 

12.29 

35.42 

flay, 1.2(> tous 

per acre. 


Nitrogen, Iks. 

Hay (2,520 Ib.s) 35.53 

Phos. acid, lbs. 

6.8 

Potasli, lbs. 
39 


The total of the three elements removed from an 
acre by the maize, as shown by Table X., is 1G0.76 
pounds, by the wheat G0.35 pounds, by the barley 
117.53 pounds, and by the oats 81.41 pounds, esti- 
mating as nearly as possible the amount of stalks 
and straw which accompany an average yield of 
grain. 

The figures show at a glance how small is the 
amount of plant -food used to sustain the average 
crop of the United States. Small, indeed, must be 
the amount used by crops which produce scarcely 
one-half the average. It should be noted, also, how 
small is the value and quantity of the fertilizing ele- 
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merits used compared with those contained in the 
average of the forty -nine soils given in Table II. 

EXTRANEOUS SOURCES OP PLANT -FOOD. 

Having shown wliat are the demands tliat are 
likely to be made upon the soil by a few of the 
most exacting (U’ops, it will be instructive^ to go back 
and study Table I. more eairefully, in orden- to deter- 
mine what elements^ if any, should be addend. Act- 
ing upon the hints given in the table, it could 
probably be discovered aiiproximately, by experimen- 
tation, how much of the plant -food could be made 
profitably available, and how much and what kinds 
should be added. It is always diffiemlt to get 
clear ideas by discussing averages, b(K*anse they may 
be made from combining extremes. A study of 
Table I. will show that a large number of soils 
exceed or come short of the average only in a 
slight degree, so that it may be concluded that 
these averages are not too high for the better 
agricultural districts. 

While some of the soils show an abundance of 
potash and phosphoric acid, they are so hulking in 
nitrogen, presumably in that which is available, that 
not even an average crop could be raised. In some 
cases the soil carries vast quantities of dormant fer- 
tility in only one of the three forms, and this may 
not be available on account of its insolubility, and 
hence has not been used, or because one or two other 
elements are lacking. The latter condition is notably 
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the ease in Nos. 18, 20, 23 and 30, Table I. These 
four soils each eontain more than 40,000 pounds of 
potash per a(‘re, or more than twiee as inueh as the 
averaj[,n\ while the amount of nitrogen in 17, 24, 28 
and 31 is less than the average; yet there is, indeed, 
enough to produee a crop if even a small per c(‘.nt ot‘ 
it is available. These soils are carrying two or thi*et^ 
times as miicli potash as is necessary ; economy sug- 
gests that use b(‘ made of it. Since there? is so large? 
a surplus, probably half of it <?ould be removed with- 
out any real injury to the productive power of th(‘ 
land. In addition to this vast steme, the subsoil nia>' 
be drawn upe)n, fen* in some cases thei'e is more, anel 
in many eases nearly as much, plant -fe)od in it as in 
the surface soil. Sine^e experimentation is the only 
method by which it can be determined how much 
(?an be made available by deep and tap-rooted plants, 
and by deep and tliorongh surfae?e tillage, little profit 
can be derived from discussing tliis phase of the 
subject further, though it is probable that the larger 
proportion of this dormant energy can be made 
available. When it is realized how enormous is the 

amount of potential energy in both surface soil and 

subsoil, it should lead the farmer to better methods 
of tillage, and to put systematic questions to the 
land which he cultivates. 

It has been shown what is or is likely to be in 

the soil, an<? what has been or may be taken out of 

it ; it still remains to be shown what is added to the 
soil from outside sources, before tillage and im*ple- 
inents can be discussed intelligently. In the humid 
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belt, except in inonntain distriets, from six to ten 
|)ounds of potential nitrof^en ar(‘ broiijjfht annually to 
each a(n’e of land l)y the rainfall. To Ibis must be 
added the vast stones of potcmtial nitrojiftMi secured 
throu<^h le^niniinons i)lants, which also briiif^ to the 
surface considerabl(‘ (piantities of mineral mattei* 
which would not otherwise V)e available for the snr- 
fa(*e- rooted plants. (See Cliapter XTV.) 

IJavin^^ these two sonrc(‘s, which may be called 
the ineid(‘ntal ones, to draw n])on, tlan-e is still the 
third, — barn manures, — which is always present to a 
greater or l(*ss (‘xtent on cxcvy fai*m. Anun-ican 
writers contend that barn iiiannn's nva relatively ricli 
in nitrogfcn and poor in i)hosphori(* acid and j>otash, 
but European writers usually ass(U’t tla^ r(iV(*rse. 
This apparent (*ontradiction most liki^ly arises from 
different inethods of comparison. If the comparison is 
made betwe(‘n that whicli tlui })lant still reijuires, after 
havinj? nuuh^ use of the stoinul available nitrofjcm in 
the soil and that brought to it by the rainfall and 
the growth of leguminous plants, then barn manures 
may be consid(U'(‘d relatively high in nitrogen. If the 
comparison is made between manures which have 
been exposed in open yards and the composition of 
the leading (u-ops, tlieii they may be said to be rela- 
tively poor in nitrogen. (See Chapter VI.) 

If mixed husbandry is practiced, and a large per- 
centage of tlie ci-ops is fed to stock (fin the farm, 
nearly or quite half of the plant -food taken from 
the fields by the crop may be restored to it from 
this source alone. If, in addition to this, clover is 
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used in a short rotation, only a very small draft for 
mineral matter will be made on the original surfaee 
soil, and in many cases all the nitrogen required for 
ordinary crops may be supplied from the three soure('.s 
named, though in some kinds of intensified agricul- 
ture large quantities, not only of mineral matter but 
nitrogen as well, may be profitably added in eone(m- 
trated fertilizers. 

If Table X. is considered in reference to mix(;d 
husbandry, with clover in the rotation, it will be 
seen how small an amount of plant -food must be 
taken from that already in the soil to prodiu’e an 
average crop ; and when considered in connection 
with Tables T. to ITT., the demand of the plant upon 
the stones in tlu*- soil is (*-omparatively so small that 
it is a wonder that larger crops than those given 
in Table IX. are not the rule rather than the ex- 
ception. 

Since the soil and the subsoil contain such stores 
of potential fertility, and since tap -rooted higuminous 
plants bring to the surface abundant quantities of ni- 
trogen with some mineral matter, and since many 
fields receive applications of farm manure from time 
to time, some far-reaching cause or causes must be 
present ever tending to seriously restrict production. 
It will be found that in this country the principal 
causes of low yields of farm crops are imperfect 
preparation of the land, poor tillage and hence a la(^k 
of available plant -food, and insufficient moisture 
during some portion of the plant^s life. 

A hasty survey of the land having been made, it 
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is found that the low averaj?e yiidds are not usually 
due to laek of potential plant-food in the soil, and 
that most a^^rieultural plants n<‘vt‘r hav(‘ full oppor- 
tunity to (!ome to tluMr best estate, }is the meaner 
average yield and the inferior ({uality of nuiny of tlui 
produets of the farm abundantly ])rov(‘. The laek of 
appreciation and utilization of natur(‘’s stor(*house and 
laws su^j^ests a diseussion of the plow, whi(tii n<»w 
follows. 



(.CHAPTER TI. 


THE EVOIAJTION OF THE PLOW, 

The following history and illustrations are given 
that the> reader may earefully study the growth and 
improvement of implements for tilling tln^ earth, 
thereby arriving at the true pi-i maples and most 
economical methods which should obtain when that 
most laborious and expensive operation of agriculture, 
— preparation of the land for <a’ops, — is undertaken. 
The history is of necessity far from (complete, and 
full credit cannot be givcai to all who may deserve it, 
nor can we arrive, in so brief a. sketch, at full histor- 
ical agreement as to priority of improvement. 

DEVELOPMENT OF THE PLOW IN THE OLD WORLD. 

8(ailptures on ancient monuments, dating back 
4,000 years or more, give conclusive evidence that 

Notk.— T he following definitions of terms iised in describing plows may 
be useful to those who have little acquaintance with the subject : 

Bridh. The clevis at the end of the plow beam, for controlling the depth 
and width of the furrow 

Colter or Cutter. A steel-edged circular or knife-like blade attached to 
the beam, for severing the perpendicular side of the furrow from the ad- 
joining land. 

Lock Colter. One which is united by the back of its point with the point 
of the share. 

Land-slide. That part of the plow on the opposite side from the moldboard. 

Share or Point. A broad steel or iron plate attached to the lower side of the 
moldboard, for severing the furrow slice horizontally. 

Jointer or Skim Plow. A small steel or iron attachment by which a min- 
iature furrow is cut and turned in advance of the plow. (See Figs. 14, 15.) 
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the plow was then in (*oniinon U8(% and it probably 
had been used for preparinfif the land for ])lants een- 



tnries before. It is believed by Bible eriti(*s that the 
Book of Job is one of the, most amnent writinjjs of 
the Old Testament, yet the first ehapter alludes to the 
plow : '' The oxen were plowinj^ and the asses feed- 

ing beside them.’’ 

A few illustrations will serve to show the essen- 
tial characters of the types of primitive plows : 



Fig. 1 is from an ancient monument in Asia 
Minor, and represents one of the pioat primitive 
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forms of implcmmits of tillage, being simply the 
crooked branch of a tree, with the exception of the 



1 . 




ace f, and the pins near the end of the beam, 
w neh were nsod for attaching tli(i j)low to the yoke. 
Mg. from a mod(d of an East Indian plow in the 
Agricultural Museum of (Jornell University, is said to 
be t, he only plow still used in .some parts of India, 
ill ancient times it was used in British liusbaudry, 



Fig. 4, Eleventh century plow. 


and appears to have been the first effort to cover the 
point witli iron. Fig. 3 shows a plow used in many 
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parts of Egypt and Mexioo, and one not entirely dis> 
carded at the present day. Fig. 4 illnstrat(‘s the Eng 
lisli plow of the eleventli century, used in tlie time 
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of William the CompuTor. Fig. 5 represents tlie 
form of i)low that is still in us(^ in many ])arts of 
Framte. Although the improved plow lias been in- 
trodiKted into the better agj'icuUunil districts of 
France, plows with some form of trucks placed under 
the beam, which is set at an acute angle, are not un- 
common. The attachment of the beam near the (jolter 



Fig. 6. Early Dutch plow. 


by a chain gives great flexibility. Slightly modified, 
this method of attachment would appear to be more 
s(*ientific than the one in common use in America, as 
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the plowman has the long end of the lever ; that is, 
it is a greater distance from the standard to the ends 
of the handles than from the standard to- the point 
at which the team is attached. 

The fundamental idea of our present plow seems 
to have been derived largely from Holland. Fig. 6 is 
a cut of the plow used in Holland at the beginning 
of the eighteenth century. It was introduced into 
Yorkshire, England, and became popular among pro- 



gressive farmers. From this time on the improve- 
ment of the plow was rapid. Fig. 7 is an illustra- 
tion of the Berkshire plow used in England in 1730, 
and highly recommended by Jethro Tull. At that 
date Tull had already made a careful study of tln^ 
science of tillage. He saw that agriculture needed 
implements to divide the soil more perfectly, not 
only before the seeds were sown, but afterwards. He 
seems to have comprehended very fully the needs of 
English agriculture, and although he made many mis- 
takes, he still did a wonderful work by inventing 
the drill, practicing horse-hoe tillage, and by empha- 
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sizing the need of better tillage in order that a more 
ecionomical use might be made of the stored elements 
in the soil. A prineiple laid down by him was that 
tillage, and tillage alone, will ereate and supply 
the food of plants, and will, in most (*,ases, render 
manure wholly unne(*(*ssary. By dung we are limited 
to the (piantity of it we can seeure, which, in most 
(*ases, is too s(*anty. But by tillage we (‘an enlarge 
our fields of subterraiman pastur(‘ without limitation, 
though th(i external souree of it be (*onfined within 
narrow bounds. Tillage may extend the (‘artlihs in- 
t(‘rnal superficies in proportion to tin? division of its 
parts, and as division is infinite, so may the super- 
fici(‘s be. Every time the earth is brok(m by any 
soi’t of tillage or division, theni must arise some 
new superfi(‘ies of tln^ l)roken parts whi(*h mwer have 
been open(*d before ; for wlnm the ])ai*ts of earth are 
once united and im'orporated tog(d-h(‘r, it is morally 
impossible that th(?y or any of tluan should be 
broken again only in the sani(‘ places ; for to do 
that, such parts must have again the sanui numeri(ad 
figures and dimensions th(‘y had before such break- 
ing, which, even by an infinite division, could never 
be likely to happen. 

It will be seen how close and acicurate Tull’s 
reasoning is with the exception of two (*hiuses : one 
asserts that ” by tillage the subterranean pasture (*an 
be enlarged without limitation,” and the other that 
tillage, and tillage alone, will create and supply 

♦Jethro Tull, The Horse-hoeing Husbandry. (Published by William Cob- 
bett, London, 1829. Introd. by Wm. Cobbett.) 
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the food of plants/^ This should, of course, be 
modified, for pastura^je cannot be enlarged indefinitely, 
nor can tillage create plant -food. 

By his drill and horse -hoe methods, Tull suc- 
(i(5eded in raising twelve wheat (^rops continuously on 
the same land without manuring, and without any 
mark(id diminution in the yield per acre. Had he 
studied the mechani(‘al forces which are concerned in 
th(‘ minute division of the soil by the plow as closely 
as he did the wants of the plants and the means of 



Fig. 8. East Lothian Scotch plow. 


supplying them, he might have seen that the Berk- 
shire plow was not well adapted to pulverizing the 
soil in the most economical manner. In order to fine 
soils economically, their particles should be made to 
grind eatdi other by attrition, according to the prin- 
ciple used in polishing rough castings. It has re- 
cently been found, by careful experiments, that divid- 
ing the soil by colters, or even by a single colter, re- 
quires a large amount of force, and that to break and 
crush the soil by concussion or attrition is the most 
economical way of pulverizing it. It is, therefore, 
no wonder that the Berkshire plow was soon super- 
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seded by others, which Jiad overluiiigiiij? moldboards 
and a single colter placed close to the standard and 
shin of the plow. Tnll had no means of determining 
the loss by friction due to the weight of the i)l()w 
alone, amounting in some cases to 30 per camt of the 




Fig 9. Midlothian or Rausome plow. 


entire draft ; nor did he, apparently, suspect how 
greatly the draft of the plow was increased by the 
added colters. 

The plow of East Lothian, Scotland, is shown in 
Fig. 8. Some of its distinctive features have been 
retained in parts of Europe to the present day. Its 
extreme length, and lack of width and twist, indi- 
cate that narrow, straight furrows must have been 
then, as in fact they still are, the pride of the 
Scotch plowman. Tull, in his zeal to fine the soil, 
overlooked the unscientific and expensive means by 
which it was accomplished. The British plowman, 
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in liis zeal for straight furrows and (.‘asy draft, 
overlooked pulverization of the furrow, which is or 
should be the chief object of plowing. Fig. 9 
illustrates the Midlothian plow, modified and iin- 
'^)roved. Plows similar to this are still in com- 
mon use in many parts of (Jreat Pritaiu. Tlie long 
wedg(i shai)e is still prcscrviid. The skim or jointer 
plow, so sue(‘essfnlly us(hI in the Unitcnl States in 
a few localities, is an adaptation of this type. Such 
plows ar(‘, adapted only to land fre^e froirr stumps 
and stones, and they illustrate the English id(‘a of 
laying flat furrows, in which resi)ect the English 
method differs radically from tlie American, wliiclj 
s(?eks to break up the furrow by bold, overhanging 
moldboards, to the detriment of the appearance of 
the plow(;d land. 

All of the foregoing illustrations show that until 
very recently the effort of the plow -maker has been 
directed largely towards producing an implement of 
light draft by constructing it on sharp wedged lines, 
with little reference to pulverizing efficiency. Foi* 
the most part he ignored the draft due to the 
weight of the plow, and also the economy of tlu? 
bold, overhanging moldboard, whereby the furi'ow is 
broken and robbed of its bmacity and left in a (?or- 
rugated condition, so that the other implements of 
tillage may do their work elfecdively. Observation 
leads to the conclusion that in England twice as 
much surfa(*e tillage is givcm in preparing the se(id- 
bed as in America, due, without doubt, chiefly to 
the imperfect principle on which their plows are 
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I'oiistriK'.ted. It is no unc'oinnioii tiling to sne the 
tiirfows on sod j»:round laid as Hat as sliovvn in 
Pig. IG (Chapter III., page 65), or as litthi dis- 
turbed by the axdion of the moldboard as in Pig. 17 

(page 66). ■ It is quite evidcmt tha^ the plow lia^j 

developed in Pngland and Aineriea on very dif- 

ferent lines. 

Tn 1785 Robert Ransoine, of Tpswieh, England 
su(;(*(‘eded in making plowshares of (^ast iron. This 
was a great step in advanee of the old m(dhod, l)y 
whieh each share was formed aeeording to tlie skill 
of the blacksmith. Until this time, most of tin* 
improvements of the plow were lost at tln^ death of 
the genius who had invented them. Arthur Young 
writes in his Agrhmltural Report of Suffolk, thnt 
^'a very ingenious blacksmith of tlie name of Brand 
made a plow of iron,’’ and adds that ’'there is no 
other in the kingdom equal to it but this valuable 
improvement passed away with tlie inventor. In 
1803, Ransoine discovered and patented a method for 
case-hardening or chilling shares. The ordinary cast 
share, unhardened, became quickly blunted and, simai 
it could not be sharpened, had to be exchanged for 
a new one. The case-hardening of about one -six- 
teenth of an inch on the lower surface preserved to 
a considerable extent the sharp edge, since the 
upper and softer portion of the share wore away 
faster than the lower. The bridle or clevis at the' 
end of the beam, to control the width and depth of 
the furrow, had already been invented. 
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DEVELOPMENT OF THE PLOW IN AMERICA. 

Among tlie stumps and stones of New England, 
and even in the Middle states, the long English 
plow eoiild not be used to advantage. While we 
brought from England and Holland, to a great extent, 
our methods of living, tools, styles of architecture, 
and our government, the foreign idea of plows and 



plowing had to be radically modified. Fig. 10 repre- 
s(mts a plow in the Agricultural Museum of Cornell 
University, which was used in Connecticut over one 
hundred years ago. The moldboard is formed from a 
section of a winding tree, the grain of the timber run- 
ning as nearly as possible parallel with the move- 
ment of the furrow. It was protected by nailing 
upon it refuse band-iron, wornout horse shoes, and 
old hoes. A share and lock -colter were provided, 
the latter being necessary to prevent the roots from 
passing backward to the standard of the plow be- 
fore they were cut or broken by the colter. Here 
we have, as compared with the European plow, the 
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other extreme, the beam and moldboard short and 
the handles erect, enabling the plowman to more 
easily plow around obstructions, and to till tlic land 
to the very roots of the stumps. The point of tlie 
share was bent sharply downward to^)revent it from 
rising to the surface ; and, therefore, wherever tlie 
soil was fairly free from roots and stones it would 
run too deep. To overcome this dilliculty, a wooden 
shoe was phuicul near tlie end of the beam, to 
govern the depth of the furrow better than a wheel 
would on rough land. The length of the beam of 
the modern American plow is not much greater than 
that shown in Fig. 10, although nearly all plows 
are now used in lands free from stumps and large 
stones. 

In 1780, Thomas Jefferson, Amtn-hmn ambassador 
to France, made a study of the plows used at Nancy. 
He makes the following note : Oxen plow here 

with collars and hames. The awkward figure of the 
irioldboard leads one to consider what should be 
its form.’^ In 1793, Jefferson put his theory of cone- 
shaped moldboards to a test at Albemarle, Bed- 
ford county, Virginia. The lines of his plow were 
formed on what appear to be true mathematical 
principles, but it failed to accomplish all that was 
desired, for it neither turned the furrow well nor 
pulverized the soil satisfactorily. 

The first American after Thomas Jefferson who 
interested himself in a large way in the improve- 
ment of the plow was a farmer, Charles Newbold, 
of Burlington, N. J. He made the first American 
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cast- iron plow, and took ont letters patent for the 
same on June 26, 17!)7. Prejudice against this "new- 
fangled ” plow was so great that it did not come into 
general use, th(‘ farmers believing that east- iron 
plows i)oisonecf the land and caused weeds to grow. 
The latter accusation was certainly true, for weeds 
I’cspond to im 1 ) 1 * 0 ved cultivation quitch as naidily as 
th(^ better (*nltivated plants do. Newbold later substi- 
tuted a wrought- iron share for the (aist one, but it 
did not overcome the eaily prejudii^e which had been 
formed against his plow.'^^ 

In the first volume of the Transaidioiis of the 
Society for the Promotion of Agriculture, Arts, and 
Manufactures. New York, it appears that in 1794 
Colonel John Smith produ(;ed a model of a cast-iron 
plowsliare that "should save expense in husbandry,’^ 
which he proposed to substitute for the common 

forged wrought share then in use. Later he mod- 
ified his cast share by riveting to it a false 

wrought -iron or steel edge. The object of this 

was to make it (capable of being sharpened from 
time to time, and thereby obviate the renewal of 
the entire share when dull. 

In 1807 David Peacock, of New Jersey, took out 
patents on an improved plow which came to be 
very valuable, and as the prejudice against the cast 
plow had measurably passed away, it came into com- 
mon use. It is probable that it was very similar 
to Mr. Newbold’ s plow, since he received from Pea- 

* For details and specifications of various plows, see “Utica Plow Tria\” 
18t)7, Trans. N, Y. Agric. Soc. xxvii,. Part 1. 
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cock $1,500 as a satisfaction for an infrinj»Tnicnt 
claim. 

In 1820 Timothy Pickering, who took a very 

active interest in the improvement of tlie ])low, says 
in a letter to Dr. Coventry: opinion is that 

the straight lines are essential to the form of tla^ 
moldhoard of the least resistance.’’ Hen^, again, 
('ase of draft instead of enhnem'y of the work done 
by the plow is made foremost. 

The fa('t that a plow lyiving a correct form inight 
be made to ac(M)mplisl) large part of th(‘ work of 
filling tli(‘- soil liad not y(d- attraided attiaition (dther 
in Enropi‘ or America. Effort was largely directed 

to forming a ^moldboard that would turn the fur- 

row, and when one had b(‘en (Muistriuded that fined 
the soil b(‘tter tlian others, it was discardi'd if tla^ 
draft champed to be a little more than that of th(^ 
plows in use. The reasoning was somewhat as fol- 
lows: ''In adjusting the moldboard of the plow, 
another point is to be determined,— the extent of 
the angle whhdi the essential straight line should 
form with the bar of the share or land -side of tln^ 
plow, for the smaller this angle the h^ss the resist- 
ance at entering the earth ; but if the anghi were 
to be very small, the plow must have great length 
to obtain a proper breadth of furrow; and such gy'eat 
length irould proportionately incream the quantity of 
friction.'^ It is readily seen that an error of rea- 
soning has crept into the last clause of the quotation, 
for friction is not increased by lengthening the 


* Report of tUe “Utica Plow Trial,” 1867. 
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moldboard, other things being equal. Supposing 
the resistance of the moldboard to be represented 
by 100, the total friction will not be increased by 
distributing it over a larger surface, or diminished 
by confining it *to a smaller one. It is true that 
a bold moldboard will cause more friction than a 
straighter one, but this would be entirely due to 
the greater resistance produced by the bolder wedge, 
and not to the facit that a less surface presented 
itself to cutting and twisting the furrow - slice ; or, 
to illustrate, a board draws^as (easily on its flat side 
as on its edge. Other things Ixung equal, the 
amount of friction is determimxl l)y the character 
of the surface and the weight indepindent of extent 
of surface, which would not be true in case of fluid 
friction. 

As soon as the cast plow was an assured fact, 
the next effort was to make it of three or four 
iiiter(*hangeable parts, that it might be easily repaired. 
Num(^rous patents were taken out for minor changes 
in the draft -rod, clevis and wheel. The lock -colters 
became common in the wooded districts, and were 
a great improvement over those which allowed the 
roots to pass back of the colter to the standard 
without being cut, in which latter case the plow had 
to be relieved by severing the roots with an ax. 

In recent years, plow -makers have modified the 
character of plows somewhat by increasing the length 
of the share, beam and handles, and by placing 
the handles lower and at a less acute angle than 
formerly. Why these changes did not come about 
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sooner, — as soon as the fields were cleared of obstruc- 
tions, — it it difficult to understand, for they ^\ve bet- 
ter control of the plow than the shorter (MuistriKdion, 
without impairing the efficiency of the moldboard. 

In 1839, Samuel Witherow and David Pierce saw 
the need of a plow whhdi would accomplish in a 
larj^er deforce the fining of the soil. They say : 



Fit;. 11. Daniol Wohster’s plow. 


'^Having thus fully set forth the nature of our in- 
vention, and sliown the manner in whic.h we carry 
the same into operation, what we claim therein is, 
the giving to our moldboard the segment of a cy- 
cloid convexly on its face in a line leading from 
front to rear, and concavely in the lines of the 
ascent of the furrow-slice, the object being to cause 
various parts of the furrow to move with unequal 
velocity. The main object is to pulverize the soil^ 
and the only way in which it can be effected is 
by bending a furrow -slice on a curved surface so 
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formed that it shall also be twisted somewhat in 
the manner of ‘a sci*ew.” 

In 183(3 or 1837, l)ani(‘l Webster invented a plow 
eapable of handling a furrow twelve to fourteen 

inches deep. It was twelve feet long from bridl(‘ 

to the tips of handles, tlie land- side four feet long, 
and the bar and share were forged together. The 
wooden moldboard was plated with strips of iron, 
and had a breadth at the heel to land -side of 
eighteen inches, with an extreme si)rea,d at the rear 
of twenty- seven inches. The plow was provided with 
a lock -colter and a wrought- iron steel -edge slian*. 
Four yokes of oxen were required to draw this hug(‘ 
plow, which was ('apable of turning a furrow twelv<^ 
inches deep and two feet wide in the old pastun* 

fields wlihfh had become partly overrun with Inishes 

and even small birch trees. In lati^r years, iron 
plows similar to this wei*e used in the west to sub- 
due the hazel border which frequently joiiuid the 
timber belt to the prairies. These plows were the 
fore-runners of the great ” prairie breaker.’^ 

In 1843, T. D. Burrell, of Geneva, N. Y., en- 
deavored to reduce the friction of the land -side by 
substituting for it a wheel. This attempt has been 
made many times since, but has not been successful, 
since the wheel becomes obstructed and immovable, 
and is then not so good as the ordinary land -side. 

About 1800, trench plows were made, but they 
were little used for deep tillage ; they were fairly 
well adapted for digging ditches, but they have gone 
out of use, Most farmers do but a small amount 



Trench and Subsoil Plows. 


51 


of niiderdrainiiij>’ eaidi year, and it is found to be 
more economical to use the common *plow for jiartly 
opening tlie trenches than to k(^ep an extra one for 
that sole purpose. 

A little ])rioi* to this time, there was a general dis- 
cussion as to the depth to which plowing might be 
profitably (airi’ied, whicdi led to iilai'ing two plows 
upon one beam. The first plow took off three or 
four inches of the surface soil and d('])ositcd it at 
the bottom of the furrow. The s(‘cond and larger 
plow was set to run six or seviai iiK'lies deep, and 
deposited its furrow on the top of tlu^ first one. 
This tremth plowing was not only expensive, as it 
required great power, but it deposited the subsoil on 
the surface and the vegetable matter at the bottom 
of the furrow, a state of affairs which often resulted 
in poor crops for several years, or until tin? inert 
matter in the upturned subsoil could be set free by 
surface tillage. These plows have never come into 
common use. 

A later outcome of this same discussion was the 
subsoil plow, which loosened the earth in the bot- 
tom of the furrow, but did not bring it to the 
surface. On certain lands subsoiling is beneficial, 
but it was soon found to be better economy to 
loosen the subsoil by underdrains and clover than 
to go to the expense of loosening it every few years 
by the use of the subsoil plow. These, also, to a 
great extent, have gone out of use. At the present 
time an effort is being made to revive them, it 
being contended that subsoiling is very beneficial, in 
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that it enlarges the power of the earth to store up 
water, thereby mitigating or preventing the effect of 
droughts. This contention is true in part, but 
when to use the subsoil plow and when not to use 
it are matters of local economy and expediency. 

PRAIRIE PLOWS. 

The first western emigrants, who settled in or near 
the belts of timber at the verge of tlie great prairies, 
soon found that the open prairies were easier to re- 
claim and far richer than the fringe of wood which 
bordered upon them. Little difficulty was expe- 
rienced in subduing the tough prairie sod with the 
great breaking -plows, even though it required a 
strong team, for oxen and steers were abundant and 
cheap. Ten or twelve yokes were sometimes at- 
tached to one plow, the team being driven by one 
man on foot or horseback, A well -broken yoke 
of cattle was placed in the lead, a heavy yoke at 
the beam, and the balance of the team was made 
up of unbroken steers, which became more valuable 
from week to week because of the training which 
they received. Most of these plows had truck -wheels 
attached, so that they required no holding. They 
cut a furrow from eighteen inches to two feet wide 
and about two inches deep. The moldboards were 
sometimes formed of rods of iron, and were set at 
such angles as would kink the furrow and leave 
it on edge, so that during dry weather the grass 
would perish for want of moisture. The following 
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spring the ground was harrowed or replowed before 
sowing. 

As emigration extended further west into tlie 
dry belt, where the prairie sod was less tenacious on 
account of limited moisture and the trami)ling and 
feeding of numerous cattle, the method of bieaking 
np the land became somewhat modified. Three 



Fig- 12. An old-tinio “ prairJe-broakor. ” 


horses attached to a steel plow with rolling colter 
could perform the work. The share and colter were 
both filed every few hours, that they might the 
more (iasily cut the tough grass roots. Fig. 12 rep- 
resents one of the old-style prairie -breakers, with 
the beam nine to ten feet long, and capable of 
withstanding almost any amount of strain. Owing 
t^o the changed conditions noted above, this plow 
has become nearly obsolete. As soon as the native 
grasses were destroyed the American plowman as 
well as the plow- maker, discovered that economy re- 
quired much of the pulverization of the soil to be 
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(lone by the plow alojie, in order to save labor in 
fitting the seed-bed. This faet was not fully realized 
in the United States until agriculture reached the 
great prairies, where the mellowness of the soil and 
the immense areas to be cultivated soon developed a 
plow which could fit stubble land for a succeeding 
crop with little or no subsequent treatment. As 
soon as the grass roots w(u*(^ rotted and the land 
was well subdued, tlnn-e was great difficulty in se- 
curing a plow that would '^scour,’’ or clear itself. 
As high as $100 was offered by one of the early 
settlers in LaPorte county, Indiana, for one that 
would ” scour” and do good work. 

Between 1800 and 1870, a glass plow was in- 
vented. It failed to meet expectations, since it did 
not scour as well as those already in use. To stand 
the strain it was made heavy, was likely to break, 
and, therefore, it never advanced beyond the experi- 
mental stages. If the action of the ancient wooden 
moldboard had been carefully observed, it would 
have been discovered that it possessed the quality 
of scouring beyond all other moldboards except those 
made of hardened steel. 

DEVELOPMENT OF CONTEMPORANEOUS PLOWS. 

The next effort was to construct a plow with 
a steel moldboard, which was liardened by chilling 
the outer surface after heating in layers of charcoal. 
Before purchasing, tlie farmer tested the moldboard 
with the sharp point of a knife; — if a scratch could 
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be made the plow was eon^emiied. These plows 
often worked well for a time, but the niiecpial 
wear and tlu^ unequal liardenin<^ resulted in devel- 
oping soft spots in tlie moldboard, to wliieh the dirt 
would adhere and around whieh it would build until 
the plow was little better in efficueuey than those 
shown in the first illustrations in this ehapter. The 
writer has plowinl in early spring when the plow piu*- 
sisted in becoming more rusty (‘V(‘ry day, although 
the moldboard was ('learuHl with a wooden paddle at 
frequent intervals. As the season advanced, and tlie 
ground bei^ame drier and firmer, the same plow would 
work satisfai'torily . 

For several years the moldboards of plows were 
hardened in hot oil, in order to overcome the dif- 
ficulties that were met with when only the outm* 
surface was hardened. This was a fairly succ.essful 
but very (‘xpensive method, because in th(} operation 
many of them would twist or (u*a('k. To ovenjoim^ 
this difficulty, a layer of steel and a layer of soft 
iron were welded together to form the moldboard, 
and this preserved its shape during the hardening 
pro(*.ess. 

By a process lately invented, moldboards are 
made of three layers of steel welded together, the 
middle one being soft and the two outer ones hard. 
Afterwards they are shaped and heated, immersed in 
a preparation, varying with different plow-makers, 
and held firmly by clamps while cooling. By this 
means the shape is preserved and the tension very 
largely overcome by the middle layer of soft steel. 
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The practice of caj*boniziiig or cliilliug the face 
of the moldboard of both steel and cast-iron plows 
has become common. To accomplish this, several 
methods are in use, all of which aim to harden the 
face of the metal, and to cause it to form crystals 
at ri^^ht angles to the surface on the out(‘r or wear- 
ing side, while preserving a soft, laminated ; rindure 
on the opposite side. One method is to form the 
lower half of the matrix, which is to rec'eive the 
melted material, of iron, and the upper half of sand. 
The metal part of the mold into which the iron 
is run causes the crystals to arrange themselves at 
right angles to the face of the moldboard, and 
also hardens the forming moldboard for the greater 
part of its thickness, while the back of the casting, 
which rests against the sand of the mold, remains 
soft. This process, or a similar one, is now in 
universal use, and plows constructed in this man- 
ner scour better and are more durable than form- 
(ndy was the case. 

Prom 1861 to 1865, and for some time subsequent 
thereto, wages on the farm were high, and the plow- 
maker, seeing his opportunity, constructed gang 
plows : that is, two or three plows fastened to one 
or more beams. This resulted in economy of plow- 
men, but as it could be operated only by able-bodied 
men, it was quickly followed by the sulky plow. 
This not only had all the valuable qualities of the 
unmounted gang- plow, but it also allowed the use, 
as drivers, of women, children and cripples,— a great 
consideration in war times. By the use of wheels 
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a large portion of the weight of the plow was trans- 
ferred from the ground to the axles of the sulky, 
and this was sueh a great saving in ])ower that it 
was possible to make a plow, iududiug the sulky, 
of three or four times the weight of the ordinary 
one, mount upon it a plowman, and still not inerease 
tlie forc^e lUM'essary to do the woik. Wherever the 
helds are reasonably large and the ground adapted 
to their use, the work (*,aii be dom^ better with these 
implements than by the ordinary walking plow. 



Fig. 13. Prairie stubble plow. 


Often a gang of two or three plows is attached 
to one sulky, and drawn by several horses managed 
by a single plowman, thereby reducing the cost of 
laborers materially. This method of plowing has 
been practiced more extensively in California than 
in any other state, and it is not uncommon to see 
eight lusty horses attached to a sulky gang-plow, 
in the great wheat districts of the Sacramento and 
other valleys. 

The highest development in the plow is seen in 
the three accompanying pictures. Fig. 13 represents 
a steel prairie stubble plow without clevis or rolling 
cutter. Its lightness, overhanging moldboard, and 



58 


The Fertility of the Land. 


broad, flat sliarcj, which enables the plow to cut a 
sixteen -inch furrow, are features which enable it to 



Fig. 14. A modol wood -boa tn plow. 


perforin its desired work witli (‘ase, ch(‘apness and 
efficiency on tlu^ stoneless prairies. Figs. 14 and 15 
show plows luiilt on mnch the same lines as are 
shown in Fig. Id. The shai*es are not so flat and 
broad, and the moldboards are larger and not so 



Fig. 1.5. The ideal plow. 


overhanging. The plows are heavier, and in all 
things have been most admirably adapted to hard 
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and stony land, and to plowing botli stnbble and sod 
when the jointer attacdiinent is used. 

The American plow has taken th(‘ form best 
adapted to fitting the land <*heaply and vv(‘ll, without 
much referenee to strai«:ht and beautiful furrows, and 
hence the evolution of the plow in the United States 
has been alonj^ new and orij^inal lines. l)is(*overy 
has followed discovery rapidly, tla^ plow-makcM* (*an 
now procure the best of material, and it may be 
said that no other country produces so many varie- 
ties of plows which are so good or so well adai)t(*d 
to vari(‘d soils and conditions as Ameri(*a does. As 
a result of the great improvements in plows of 
American manufacture, theses implements are now 
(exported in large numbers to South Ameri(‘a and 
various parts of Murope, and also to Japan. 

Through all th(‘S(^ centuries how slow has been 
the evolution of the plow ! So far no implement has 
been invented to take its place, nor has any success 
come to inventors who have departed from the i)rin- 
ciple of combining two unequally twisted wedges, 
one acting in a horizontal, the otlan; in a perpendic- 
ular plane. Whenever the farmer will consent to 
furnish more power, the evolution of the plow will 
continue along the lines of greater depth and more 
perfect pulverization of the soil, whereby augmented 
available fertility and increased conservation of mois- 
ture will be secured. 

This narrative recalls the noble words of Jethro 
Tull, written early in the last century: ”Men of the 
greatest Learning have spent their Time in contriv- 
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ing Instruments to measure the immense Distance of 
the Stars, and in finding out the Dimensions, and 
even Weight of the Planets : They think it more 
eligible to study the Art of plowing the Sea with 
Ships, than of Tilling the Land with Ploughs ; they 
bestow the utmost of their Skill, learnedly, to prevent 
the natural Use of all the Elements for Destruction 
of their own Species, by the bloody Art of War. 
Some waste their whole Lives in studying how to 
arm Deatli with new Engines of Horror, and invent- 
ing ail infinite Variety of Slaughter ; but think it 
beneath Men of Learning (who only are capable of 
doing it) to employ their learned Labours in the 
Invention of new (or even improving the old) Instru- 
ments for increasing of Bread.’’ 



CHAPTER III. 

TILLING THE LAND. 

The one fundamental labor of aj?rienlture is the 
stirring and mixing of the soil. The effe(*ts of this 
simple practice are most numerous, eomph'x and far- 
reaching, and the problems associat'd with it seem 
to be beyond the eompndiension of most farmers. 
It is, therefore, important that the man who is in- 
tending to gain any satisfaction in farming should 
begin his study and thinking at the handles of the 
plow, for this point is the very threshold of agricml- 
ture. 'Hu general, the texture of lands (*an be im- 
proved by three means, — by judicious plowing and 
tillage, by the imiorporation of humus, and by the 
use of underdrains.* The value of simple tillage or 
fining of the land as a means of increasing its pro- 
ductivity was first clearly set forth in 1738 by Jethro 
Tull, in his ‘New Horse Hoeing Husbandry.’ The 
premises upon which Tull founded his sysb^m are 
erroneous. He supposed that plant roots actually 
take in or absorb the fine particles of the earth, and, 
therefore, the finer and more numerous these particles 
are, the more luxuriantly the plant will grow. His 
system of tillage, however, was correct, and his ex- 
periments and widtings have had a most profound 

♦Sw Cover Crops and Liming, pages 253 and 305. 

( 61 ) 
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iiifiueiK'O. If only one book of all the thousands 
whieh have been written on a^rieulture and rural 
affairs were to be preserved to future generations, I 
should want that honor eonf erred upon Tull’s ‘ Horse 
Hoeing Husbandry.’ It inark(‘d the beginning of 
the modern applieation of s('ientifi(^ methods to agri- 
culture, and promulgated a system of treatment of 
the land which, in its essential principles, is now 
accepted by every good farmer, and the appreciation 
of which must increase* to the end of time. These 
discursive reunarks will, I hope, emphasize the im- 
portance whh'h simple tillage holds in agricultural 
practice.”'''' 


GENERAL 'REMARKS ON PLOWING. 

The land i)rodu(a‘s abundantly if left to itself, 
and grows steadily more fertile ; then why should 
it be plow(‘d f We shall find many reasons, if the 
subject is carefully analyzed. Natures, without the 
assistan(*e of man, produces but few fruits and 
tubers of a (diaracter suited to the exacting wants 
of civilized man. Her only effort is to perp(^tuate 
the most suitable species, and since there is a con- 
stant warfare for the possession of the soil, vastly 
more plants ar(i dsually present than have oppor- 
tunity for the highest development of these secon- 
dary or iiKudental features ; hence the parts which, 
under domestication, become edible are woody, in- 
edible, bitter, or wanting in flavor. large 

'’The Texture of the Soil,” Bull. IIH, Cornell Exp. Stu. 411. 
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object in plowing is, therefore, primarily to destroy 
plants. If the plants are large, they are removed 
or burned, in order that tlie plow may have oppoi*- 
tnnity to do its work. The plftw that fails to bury 
ordinary plants dee]) enough so that snbse(|nent till- 
age is not obstructed, does not accomplish all that 
it should. All of the obje(*ts whi(*,h may l)e S(H;ured 
by plowing are seldom or never ke])t in view ; lumce 
in America it is the least understood and most im- 
perfectly performed ot any op(U'ation of preparing 
the land for crops. It is still worse in Europe. 
The Englishman does littl(‘ mon^ than two things 
with the plow, — invei'ts the furrow, and makes it 
straight. 

One of the chief objects of plowing is to pulver- 
ize the soil. The plow may invert it in the most 
perfect manner and bury surface vegetation, but if it 
fails to do the greabu* part of the fining of tlie soil as 
well and leaves it in such a condition that the liar- 
row and cultivator cannot complete the work in the 
cheapest and best manner, it is seriously defective. 
Since plowing is a slow and expensive operation, and 
the plow is by far the best implement that has been 
devised for moving and inverting the soil, for de- 
stroying plants, and preparing the land for surface 
tillage, and for loosening and pulverizing it, its effi- 
(iiency and the power required to plow become of 
prime importance. 

Since only 10 per cent of the energy required to 
do the flowing is used by the action of the mold- 
board even with those having a fairly short twist, it 
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is economy to break and disintegrate the furrow -slice 
to the greatest possible degree by as bold and over- 
hanging a moldboard as possible, considering the 
character of the laud. About 35 per cent of the 
power necessary to plow is used up by the friction 
due to the weight of the plow, and 55 per cent by 
severing the furrow-sli(^e and the friction of the 
land -side.”* If, after having done nine -tenths of the 
work, the plow allows the furrow- slice to escape 
without the greatest possible amount of disintegra- 
tion, great loss is sustained because the bolder and 
more efficient moldboard may add 2 or 3 per cent 
to the draft. To effect the great(‘st amount of 
disintegration of the furrow-slice, the jointer or 
skim plow (see page 67) should be attached, even 
when plowing stubble land. It should bo sot deep 
enough to break up the tenacity of the furrow and 
to prevent it from kinking. Even tenacious sod 
vMi be successfully handled by the bold moldboard, 
provided the jointcu* is of the right shape and set 
deep enough. On very tenacious or stony land, the 
jointer cannot be used with success, but happily, stony 
land is not tenacious. The proper use of it also 
prevents the furrow -slice from turning over too fiat, 
and leaves the land in a corrugated condition, which 
allows the implements of surface tillage to take hold 
of the crests of the furrows, and break and fine them 
without disturbing the sod. In the spring, this 

*J. Stanton Gould, Utica, N, Y., Plow Trial, 1807. Leroy Anderson, B,S., 
found in extended experiments made at Cornell University, 1896, that 55 per 
cent of the total draft is consumed in cutting the furrow-slice, 12 per cent iu 
turning it. and 33 per cent by the friction of the sole and land sidCi 
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in(‘tho(l permits the laud to absorb heat and to part 
with excess of moisture. It also buries all surface 
matter so that subsequent tillage is not obstruct (‘d. 
In fall plowing, beiietieial results will be s(‘eur(Hl if 
the land is allow(‘d to remain eorrngatiHl. liivaa*!- 
ing and fining the soil is at best a tedious and ex- 



Fig. 10. The comph'te inversion of tlie furrow-slice. 


pensive process, but the jointer, intelligently used, 
is the most effective attachment that has ever been 
invented for accomplishing these specific results, and 
the more general use of it cannot be too strongly 
urged. 

The three accompanying graphic illustratious will 
make these matters plain. Fig. 16 shows the furrow- 





<T plowing, as , si, own in Figs. 17 and 18. Fijr 
1' IS h-on, a photograph of sod land plowed with 
;w-oultor attaehinent and a fairly bold moldboard. 
Iho land IS moderately well pulverized for one ope- 
lotion, and ,s left in a fairly good condition for 
efficient action of the implements of surface tillag,. 

.1 " ff rawing of land plowed with 

^le same type of plow and jointer attachment, but 
with a somewhat bolder moldboard, which left the 

»»»sibitine loss surfac, 


iS/iim ~PIow <ni(l Bold Moldboards. 61 

In rare eases it may be best to l(\ave the fur- 
row imperfeetly fined and at a somewhat aente anpfle, 
as when ela 3 'ey soils are plowed in the fall for 
spring erops, as sn(‘h kind of j)lowing allows the 
water to d(^seeud atid the frost to aet upon the soil 
most energetu'.all^'. The land might then be(^ome 
warmer and drier in early spring than it would if 
plow(‘d as in Fig. 18, while the bmdeiK'y to puddle 
would be reduced to a minimum. Small changes in 
the lines of the moldboard, ev(ui though scarcely 
perceptible without accurate measurements, produce 
widely d iff (‘rent results. 

The surface tillage which may be necessary to 
finish fitting the land should be kept i)rominently 
in view when plowing. The man mu* of plowing 




Fig. 18. Ideal plowing. 


sandy and friable lands matters little so far as the 
total cost of the whole season ^s tillage is concerned, 
but on tenacious soils the plowing often represents 
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not more than ono-tliird to one-fiftli of the eost of 
suitably preparing? the first ei^’ht inches of the sur- 
face for some kinds of ]>lants. If a tenacious soil 
covered with a tout’ll sod be plowed with the help 
of a colter attachment, and the ' furrow -sli(‘-e be laid 
nearly flat, it is nearly impossible to fit the hind 
well until the sod has rotted and the land has been 
replowed. 

In En^^land, plantin<^ is seldom done until a deej), 
mellow seed-bed is secured, no matt(‘r how stubborn 
the soil. The su])secpient tilhii^e oftim (‘.osts far moi'c 
than the plowin^,^ The added labor is necessary, 
in part, because the colter is used instead of the 
joint(‘r, and in part because the furrows are laid 
nearly or quite hat. Plowino^ is poor that fails to 
do the gn^ater part of tlie rout’d! pidverizin^q and 
to leave the surface in the best possible (‘.ondition 
for the eff(‘ctive use of the implements which mv, to 
follow. Tliis can certaiidy ))e done without sacrific- 
ing any of the other benefits which should be so^cured 
by plowing. 

The old couplet 

'' He that by the plow would thrive, 

Himself must either hold or drive,’’ 

has become obsolete. May not the following be sub- 
stituted for it?— 

He that would good plowing view, 

Should think what else is left to do. 

Inverting the soil sometimes results in positive 
injury to the succeeding crop ; when, for example, the 
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land lias been (xanipind by dcx'p-rootixl jilants, that 
liad ])e<ni ti’nated to tlioroui>:li and continuous sui-facc 
inter -til la dui-iut^ the ^r(‘ater part of tin* ^row- 
inj^ sc^ason, as in jiotato cultivation. T1 h‘ ('ultiVation 
which is necessary to k(‘(‘p tin* weeds in che(*.k un- 
locks the plant- food in*ar the surfact*. If tlu^ jilants 
feed at considerable d(‘])th, as the jiotato does, it is 
evident that the soil do(‘S not n(‘(‘d inv(*rtin‘^', unless 
it is ue(*essary to inpirove its [diysieal condition. It 
is also evident that the land should lie de(‘i)ly plow(‘d 
and most thoroughly pri'panxl prior to bein;.^ oi'cii- 
pied by deep-feedinj^ plants. Except on lij^dit lands, 
where all ])lants an^ likely to root at eonsid(‘rable 
distan(*es from the surface*, a fairly comphde^ inver- 
sion of the soil is desirable if the pr(‘vious crop has 
b(*(*u a shallow feeder, be(*aus(^ tin* r(‘adily available^ 
plant- food near the surface has l)een somewhat ex- 
hausted, and lienee new provision should be made 
for the cominnf cro]). 

The more complete the inv(*rsion of stubble land 
the better. Two kinds of jilows, oin^ for stublile and 
oin* for sod land, arii n(‘(Mled, if the work is to be 
done in the best manner. While this necessitates 
additional expenditure for implennmts, the mon* effi- 
cient work and saving? of subsequent tillaj^e fully 
('ompensate for it. 

* “ Iiitercultural tillage” is a term proposed by Sturtevant to designate 
tillage between plants in distinetioii to that which is performed only when 
the ground is bare of plants (as in the sowed crops). See Conn. Hoard 
of Agric. xi. 190 (1877-8) ; also, an editorial in Gard. Chron. May 28, 1887. As 
tillage is a better word than culture to designate the stirring of the land, 
"inter-tillage” has been used in this book to designate tillage between the 
plants — that is, ordinary cultivating, hoeing, and the like.— h. H. b. 
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In addition to improving tbe pli^:si(‘al conditions 
of the soil, plowing gives opportunity for weathering, 
Avhieh not only unlocks the fertility of the soil 
brought up by the plow, but often materially assists 
in fining it. Unless abundant fertility is present, 
or there is readily de(‘onii)osabh^ vegidabh^ matter, as 
in clover sod, ])lanting would better not follow the 
plowing (*los(‘ly, as time and surfa(*-e tillage tend to 
unlo(‘-k the inert fertility brought to the surface by 
the plow. No positive rule (^an be given for treat- 
ment of soils, as climate, ci’op and conditions vary 
greatly. If experien(‘.e shows that turning the land 
over is advantageous, then it sliould be done thor- 
oughly, as in many cases great benefit will be de- 
rived from so fining and comi)acting the sc^ed-bed 
that cai)illary attnudion can bring moisture from 
below, th(‘reby making it possible for the young 
plants to avail thems(‘lves quickly of the nourishment 
provided. 

Sometini(\s it is easy to prepare a S(ied-bed of 
one or two inches without plowing, and the young 
plants may start otf vigorously, l)ut if the physical 
(‘ondition of the sub -surface soil is bad, capillarity 
feeble, and available plant-food deficient, the harvest 
will be disappointing. If the surface is hard and 
difficult to loosen, as is sometimes the case on fall- 
plowed land, and when heavy, dashing rains have 
run the soil together, it is usually best to replow 
.it, so that proper opportunity may be given for 
surface tillage. 

Ever since summer fallows have gone out of fash- 
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ion, it has beerf liai’d to ('onviiKu^ tin* farnior that 
more than one plowiiij^ may bo r(‘(inir(‘(l to briiif,^ 
tlie land into jiropcn* tilth. Ihrause of this ])r(‘jndi(‘e 
aj^ainst ])lo\vin^ more than ()ne(‘, a V}n'i(‘d assortnu'iit 
of imphmnmts foi* fining* the soil has l)e(*n ]mt on 
the market. Sona* of th(‘S(‘ imphanents ai‘e n'ood, 
some IkkI, Init tew of tlaan ar(‘ iH‘('(‘ssary if the 
plowing* has lM‘en W(‘ll dom* and inid(‘rdi‘ains have 
perfo]'ni(*d their h‘<4‘itiniate work. ForiiKa’ly the land 
was often plowcMl tiv(i or si.\ tini(‘s ; now tlie ])endu- 
liim has swiiny: to the* other 'extnmie. Tli(‘ slow, labo- 
rious work of })lowin^ with two lij^iiit hoi’ses and a 
single i)low, still in vo<4:ue in many statics, is diM*ad(‘d, 
and justly so ; eonsi'Ciiumtly the attt'inpt is made to 
pr<‘i)are the ground by ’'serabdiinji: it.^^ If some of 
the western farmer^s methods could be adopted on larj^e, 
level fields, and six or eit^ht larj>:e, strong horses har- 
nessed to a gang- plow, the objeed.s sought might be at- 
tained at the lowest cost. 

A good ])Iow is capable of ae(‘oniplishing many 
results ill varied directions, and one not to b(^ over- 
looked is that of performing the pion(‘er work (d‘ 
breaking up intractable land while prejiaring it in 
the best mannei' for the efliciemt acdioii of tlui imiile- 
’ments which follow. We are inclined to extol tlie 
progressive s])irit of tlie Am(‘ricau farmer, and speak 
slightingly of some of the (unide and laborious meth- 
ods sometimes seen in foreign countries; yet in most 
parts of the United States the plowing is seldom 
seven inches di'cp, and the plowing team rarely ex- 
ceeds one or two light horses or mules, while tlie 
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•sugar planter of the benighted Hawaiian Islands 
uses a double gang of from four to six plows, easily 
handling furrows (dghteen to twenty inehes broad 
and fourteen to sixteen inelu's deep, and one or two 
great steam engines take the ))laee of the "cotton 
itude” of the south and the light team of the north. 

SOME SPE(UP1( ; RES LILTS OF I'l.OWING. 

Effects of ploiciiiy on .soil moi.slarr. — Deep plowing 
assists the downward passage of watei-. Sometimes 
the soil is of so close a ti'xture that water passes 
but slowly to the subsoil, the land becotm^s puddled, 
cold and sour, and wlien lii'oken ui) is diffienlt t(') 
bring into good tilth. In sm-h cases umlm-drains mr 
necessary in order to la'aj) the highest results. Bet- 
ter prevent the locking up of plant -food and the 
formation of clods by underdrainiiig once for all, 
than go to the cxiicnsc of breaking clods whenever 
the land is tilled. Whmi circumstances make it in- 
advisable to tile the land at onct;, much may be done 
with the plow to facilitate percolation. 

In theory, all water falling on the land should 
be made to percolate through it. Practically, this is 
impo-ssible, and, .since it is far better to have the 
water carried away over the land than to have it 
stand u])on the land, the practice of plowing in 
wide lands, with dead-furrows falling in the same 
place for a time, is to be recommended when there 
IS only slight danger of washing. (See " How to 
plow,” page 90.) Kemoviug surplus water from the 
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snrta(^e prevents piuldlinj.^ to some extent, anil tlius 
inclireetly assists tlie downward ])assa<^(‘ of tlie water 
wliieh is not dii*eetly earried off, tliere))y kee])in‘i: tlie 
land loose enough for the ready passa^^e of tlii^ water 
that falls at tin* bi^^innin*^ of showers, and also as 
sistin^ in arresting and preservin^^ tin* amnion ia wliieh 
the rain-watm* (‘ontains. This |)ereolation of rain- 
water not only eonserv(‘s [dant-food, but im])rov(‘S 
the physical (‘ondition of the land. Surface draina^^e 
is proniot(‘d if the de])ressions h*ft by the drill or 
harrow at the timi^ of sowing are at rij^ht anj,des 
to the dead -furrows, as they form miniature channels 
which quickly lead the water away, (day lands that 
are submer^^ed for a time are affecfial more by drought 
than thos(* which ar(‘ not submer^^ed, and h(mc(‘ the 
contour of the land should be .so shaped by the 
plow as to assist surface draiiui^e. 

Wherever percolation is diflicult, c.omparatively 
shallow plowing should be done in early spring, and 
deeper plowing? in midsummer and autumn, in order 
to prevent the formation of a hai-d-jian. If plowing 
is continued at one depth for several seasons, the 
pressure of the implement and tlie trampling of the 
horses in time solidify the bottom of the furrow ; 
but if the plowing is shallow in the spring and deep 
in the summer and fall, the objectionable hard-jiaii 
will be largely prevented. This is especially true 
where the winter frosts assist the downward passage 
of water by their action on the subsoil. Since fre- 
quent and deep plowing materially assists percolation, 
we have another reason for making a careful study 
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of tile plow as a, fa(4,or ia elfoctiiii;’ iii('reas(‘(l pro- 
(Uietioii and fin-tility. 

While siil)8oilin<if may (dearly assist the down- 
Avard passage of watia*, th(^ exp(ms(^ is so grc^at, and 
the work lias to he so fr(‘<pi(mtly repc^ahal, that it 
lias nearly gone out of praidh^e. If tht‘ deptli of 
the furrow w(a*e iiKurasinl a little tVoni yi^ai* to year, 
(dianging it in time from six to tmi imdies, jieri'ola- 
tion would not only in(u*(‘ased, hut other hene- 
tieial insults would follow. If the little plow, turn- 
ing a furrow of only niiu* or ten imdies in width 
and six imdies in d(‘pth, (‘ould he exidianged for a 
plow eapahle of handling a furrow sixh'en hy ten 
imdi(‘s, and the two 1)00 -pound hoi’st^s replaeed hy 
three horses of 1,200 pounds (‘aidi, the neei^ssity of 
suh- soiling would he largidy ohviahxl, and the cost 
of plowing would he diminished rather than imu’eased, 
wlu'rever th(' fndds an^ large and fairly level. The 
larger t(‘ani eould get through thr(‘e a(*res while th(‘ 
smaller is getting through two, and thus hy adding 
one -half more to the daily cmst of the team without 
any inereased exp(mse for plowman, half as many 
more aeres eould lie turmal. While the larger plow 
would do hettcn* woi’k in many respeets, it would 
especially assist penmlation, increase root pasturage, 
and eidarg(i the moisture -storing capacity of the 
soil. In the past it was necessary to turn only nar- 
row furrows, because the imperfect plows could not 
pulverize wide ones. With the improved plow, nar- 
row furrows are no longer necessary. 

Nearly all cultivated plants get their chief sup- 
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ply of moistur(‘ from tlu* soil, juid this fact should 
he kej)t eonstaiitly iu view in plowiii;^ and fitting 
tlie land. Tlu‘ part wliirli is ])lay(‘d l)y the ])low in 
assistin<^ moisture to rise by eapillarity to the root- 
lets of the plant, and in modifyin^^ tin* (‘vaporat ion 
of water froiii the snrfae(‘ of tie* land, should hi‘ 
thorouo'hly umhu'stood. If th(‘ soil is very i)oi-ous, 
the air (unudatinjj: through it (carries otf a larji^n* 
amonnt of moisture; if too (Munpact, thi‘ interstic'es 
in it wonld he so lai'^idy <dos(‘d that eapillarity 
would be weak. In muthca* eas(‘ will th(‘ b(\st (*on- 
ditions be obtained. The aim should Ix^ to s(‘eur<^ 
those physh^al eonditions whieh will to th<‘ ^nvatest 
extent promote (*apillarity whih‘ s(x*uriu^ other d(‘sir(Ml 
objects. To a(‘(*omplish this, th(‘ soil must tirst Ix^ 
made tine and then mod(‘rat(dy eompaePxl. ]i(‘r(‘ 
attain, the plow plays a most im])ortant i)art, for in 
order to line and solidify the soil, the (*arth must 
tirst be lifted so that the iiuu't mass may be twisted 
and broken up into small parti(*l(‘s, wlam it may b(^ 
further fined and eompa(*t(‘d ])y other imphumuits of 
tillage, and by the tramping of the horses. Water 
tends not only to rise, but to diffuse its(df through 
the land, moving fi*om the moister to the drier 
parts, and every oj)[)ortunity should Ix^ giv(‘n for it 
to do so, until it (jet a near the surface^ where it 
should he arrested, unless one objeet of the plow- 
ing has been to dry the land. 

Some soils are so porous that deep plowing 
works a positive injury, unless cai*e fs taken to 
thoroughly compact the soil before it parts with its 
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iii{)istur(‘. Notwithstanding tliis, it is no nncominon 
thing to s(‘(5 sandy, (day, dry and w(d, lands plowed 
and ti-(‘ah‘d alike. (Consnlt Chapter IV.) 

Dryiny and wartnlny the land . — In the spring it is 
oft(‘n as iHM'essary to dry the land as to ('onserve 
nioistun*. In some (diinates it may lx* necessary to 
plow with a vi(‘w to ac(*omplishing botli ohjc'cts in 
a singh‘ s(‘ason. It tlie por(‘s of the soil have o(‘en 
seal(‘d ni) by h(‘avy rains, it may he best to ])low 
in order to hasten the time of planting, and to 
give opportnnity for rapid evaporation, ('ven thongh 
th(^ land may h(‘ somewhat too damp for the best 
working of the soil. If the w(*ath(*r is (doiidy and 
th(‘ surfa('(* (itting is done at th(‘ right tini(‘, Ixdter 
r(‘sults will follow smdi early plowing than if the 
land is hd't to slowly dry and form a stnbboi’n 
mass before it is plowi'd. If the land is damp, tin* 
plowing should Ix^ shallow, the sind'ace l(*ft rough, 
and as nimdi breaking u[) of the furrow-slice as 
possible should be done by the jointer and mold- 
board, in ord(‘r to avoid hxdving up plant-food by 
partial puddling of the' sticky earth. 

With some crops, as corn, warmth in the early 
spring plays an imix)rtant i)art. In siudi ceases 
(‘arly and shallow plowing is valuable, IxMaiuse it per- 
mits the rays of the sun to increase the temperature 
of the soil, therciby advancing seed-time. In some 
localities and in some soils, early, shallow plowing 
is not necessary. What has Ix^en said is not to be 
taken as advocacy of the plowing of heavy lands 
while wet ; it applies only to emergencies, as when 
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tlu* spring is wot Mini and a (*hoi(*(‘ must 1 k' 

mado l)otw(‘on no cro]) and only a inod(‘rat(‘ oiu‘. In 
the (*aso of int<‘r-till(‘d crops, if tlic land is di‘it‘d 
and warni(‘d by early plowin^^;, plant in^^ can Ix' <lon(' 
at tli<‘ propia* season, and oppoi'tiiiiity sccniMal to r(‘* 
du('(‘ tli(‘ stul)boi’nn(‘ss of tlie s(‘(‘d-bcd by aft(*r 1 illaj^c. 

lufrniing a hard-pan. — Poi*ons soils, wliicb allow 
tli(‘ water to (‘S(*ap(‘ too ra|)idly. ai*e iinpro\'(*d il the 
plowinj^ is so caiaai'd on as to form sometbinfj^ ot a 
hard-pan at depths suited to the chai’acter of the 
land, tlH‘ (*liinat(‘, and tin* plants to lx* y^rown. If 
the ])lants ar(‘ (hx^p-rootixl, the solidilicat ion slanild 
Ix' some ei^ht to ten inches from the surfa<M‘ ; for 
shallow- nx)tcd plants, it may lx* hiuiicr. By always 
plowing at om* d(‘|)th and when tin* land is sli«^htly 
wet, too rapid tilti'ation may be soim'vvhat checked 
and ('apillarity in(*reased, whih* in h(‘a\’y lands the 
aim should lx* to j)r<‘\’ent the formation ot a hai’d-paii 
by (x'casional d(‘(‘p ])lowin^. dust tie* revei’sc* of this 
may often l)e (h^sirabh* in li^^ht lauds, as in some 
parts (d‘ X(*w Jers(*y, where (‘xcellent «*rops are ])ro- 
du<*(‘d fi*oni year to year, thoujjfli tin* ])lowin(^ is sel- 
dom more than four iiu'hes d(*<*]), and is n(*arly uni- 
form from season to season. 

Storage raparitij of tla‘ soil . — Soils vary so much 
ill weight and (*apacity to hold moistuiM*, y(*t remain- 
ing arable and in good jdiysieal condition, that no ac- 
curate statement can be made as to their power to 
take up or to hold moisture. An acre of average 
soil, one foot deep, when in an arable condition as to 
dryness, is estimated to weigh 1,800 tons. An inch of 
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raiiifiill brings to oadi a(‘ro lb‘i 7-16 tons of water, 

Soils niay (‘ontain from 20 to 25 jan* ('Ciit of water, 

and yet be not too moist for cultivation ; yet plants 
are able to maintain tliemselves and ^?row when the 
soil contains ])iit 6 to 8 jaa* <‘<*nt of moisture. If an 
acr(; of soil on(‘ f<a)t d(^ep weit^'lis 1,800 tons when 
it contains 20 ]aa’ cent of moisture, it will weij:?h 
1,557 tons when it (a)ntains l)ut 7X e(‘nt of 
moisture. Two im^la's of rainfall mif?ht be taken up 
by the first foot of soil in tlie latter case, providtal 
the soil had laam well lined and a little time given 

f©r the water to diffuse' through it, and yot remain 

in good (‘ondition for plowiiig, foi* it would ('ontain 
but a little over 20 pea^ cent of water. The above 
('stimate takes no a(M‘ount of the water whiedi passes 
below one f(a)t, whh^li must be (*onsiderable when the 
rains are abundant, although the soil below may be 
tenacious. These figures, based partly on ascertained 
fjicts and partly on estimates, nee<l not lead the 
reader astray if pro[)erly applied to the conditions 
which surround him. 

If the plowing is but four inches deep, and the 
computation is made on the same basis as before, — 
that is, 7% per c(mt of water present in the soil, 
—and a rainfall of but one inch bo added, the sur- 
face land will contain 2^1.8 per cent of water, and 
may be too wet for cultivation ; but if, as before, 
two inches of rain should fall, there will be present 
85.8 per cent of water, allowing, as before, that 
none of it has passed below the hard-pan formed by 
the shallow plowing. 
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In ()r(l(‘r to still tnrllu^r einphnsi/o tlu' mn'd of 
(loop tilla^^i^ to form ji n*s('rvoii* for tlir storn^i^ of 
inoistur(‘, l(‘t it bo suppos(‘<l that tli(‘ soil is in a 
tine, arablo <*on(lition as to moistnn*, and (‘ontains lo 
per ('(‘lit of \vat(‘r ; if one inoli of rain slionld fall 
niion the d(‘(‘ply tilh'd land, th(‘ soil Avonld th(‘n con- 
tain 21 p(‘r (‘(‘lit of \vat(‘r, but if it should fall upon 
the shallow ]ilow(‘d land it, would eontain ov(‘r 
2(3 p(‘r cent. Tln^ (*as(‘ is still worse if two 
iiK'hes of rain slionld fall, for in th(^ former ease 
the land would eontain 28.9 ])(‘r e(‘nt of water, and 
in the latter 85.7 ])(‘r (*(‘nt, an anionnt which, in soil 
not full of v(‘<,n‘tabh^ niatt(‘r, would cause it to move 
bodily toward th(‘ low(‘r l(‘V(‘ls, (‘ven wer(^ th(^ natu- 
ral inclination sli^iit. 

The dama(j:(‘ from wat(‘r h(‘ld m'ar tla^ snrfa(‘e 
does not (‘iid in tin; loss snflPen'd in the {growth of 
the jilant and work delayed, foi‘ th(‘ saturation of 
th(* surfa(‘(‘ soil residts in sealing u)) its ])ores, 
thereby ih'stroyiiiK -the benefits secured by fine tilth, 
and additional labor will then 1 h; nupiiriHl to brin<^ 
the land a^aiii into e:ood condition. 

IJnderdrains and d(re|) and thorough plowing*’ not 
only diminish the t(‘nd(‘n(;y of (*lay lands to run to- 
gether, but also increase th(‘ storage capaidty of tin' 
soil, and, since the moisture in the soil is all likely 
to be wanted some time during the growing season, 
the more that can l)e stonnl np without doing injury 
the better. It lias already lieen shown, in part, how 
to enlarge the storage capacity of the soil by the 
use of the plow, but there are many other factors 
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whicli may be used in conjunction with the plow 
to perfect its work. 

Aeration pnmiofed by plowiny . — If the soil is com- 
|)act and the interstices filled with free water or silt, 
it will not contain enough air for best results, and 
therefore^ plowing for the purpose of lettinj? the air 
enter the ground, as well as to promote (lrainaj>»’e and 
absorption of moisture, may be advanta^j^eous. Th(‘ 
roots of plants, like fishes, r(H|uire air, and althoiij^h 
they require only a little, that little is necessary to 
their life and growth. The soil always (contains sonui 
air, but it may easily happen that tlnu-e is too much 
near tln^ surface and too litth' below. In the first 
instance, too fna^ inovcunent of the air in the soil 
would rob the seeds of moisture, and they would fail 
to j 4 ’(U’minate and ^^row. If there were a suitable 
amount of air in the surfaces soil and a hu'k of it 
below, seeds mij^lit ^erminab^ freely, but the subse- 
quent growth would be hindered. It will thus b(‘ 
seen how ne(a*ssary it is to plow deep in order that 
the land may be converted into a vast res(a*voir for 
the storag(5 of air and moistin-e in the right pro- 
portions. 

Although little can be done to prevent the rain 
from entering the soil in too great quantities, yet by 
intelligent tillage the amount of air in the soil may 
be largely controlled. Aeration not only pro^rnotes 
plant growth but also sets free plant -food, for upon 
aeration both chemical and physical action largely de- 
pend. Thorough aeration of the land can be ac- 
complished only by deep tillage, which may result 
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at first in too ^reat aoration and, lu‘U(‘e, loss of 
moisture ; if so, tlie eompaetin^^ and finin^^ of the 
land by surfai^e tillage should b(‘ doin' innnediabdy 
or soon after the plowinj^. 

It may set'in that too mmdi detail has Vx'en en- 
leri'd into h(‘re, hut it should be remembered that 
it is the (‘ommoii jiraetiee to ])low tin' entire field, 
(*V(‘U in dry weather, before anything’ is done t<o 
smooth and ('oinpaid. tln^ loos(‘ soil, throu^jli whieh, 
if not ([ui('kly (‘ompa<*ted, tln^ hot, dry air eireulates 
fi*e(^ly, and robs the land of iKM'ded moisturci. After 
a portion of tln^ field has ])(‘(‘n i)low(‘d it should b(‘ 
fitt(*d Ix'fore th(^ surfaci^ dri(‘s out. In the fitting*:, 
the sub -surface soil is eompaefed ; this promoti's 
(*apillai\v attraetioii, and a surface earth -muhdi of two 
or thre(‘ iindn's is seeurc'd, whieh s(‘rva's to diminish 
evaiioration. No amount of fertility ean jiroduee 
the results (h'sired if, throut^h carelessness or ij^no- 
ranee, tin* (‘oiiditions are ij^nored that arii m*eessary for 
the passin^^ of nourishment from the soil to the plant. 

Nitrifintiion promotid btj plowhitj . — As has l>een 
shown ill Chapter I., the soil (*ontains lar^ij amounts 
of plant -food of whiidi usually only a small fraction 
is immediately availalde, and tluin^fon^ om3 of the 
objects of plowing is to jiromote nitrification, or the 
changing of potential nitrogen into availabh; nitro- 
gen. For the cereals and otlier idtrogen- consuming 
plants, tlie aim should be not simply to furnish them 
with a full supply of food, but to furnish the nitro- 
gen, especially during the early stages of their 
growth when they most require it. If l)y the stim- 

0 
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iilatiiij? infiuoiiee of nitro^^oii the plant ean ho made 
to enlarj^e its root -system when yonn^, it will be 
able to r(‘spond to the lar<^er demands whi(di will be 
made upon it at the time of perfeetin^ its seed. 
Hut so mneh nitroj^eu may be present as to over- 
stimulate the, vegetative at the expense of tln^ repro- 
duetiv(; or seed- producing system, and to (aiuse the 
l)laut to <»’i*ow too larj»*e and porous, when it will be 
likely to lod^’e oi- Ix^ amenable to the attacks of fun- 
gous diseases. Litthi damag-e, however, may lx; appre- 
hended from a surfeit of nitrogen ('aus(xl by tillage 
alom*, even on new land. In the effort to secure avail- 
able nitrogen for the plant by means of the i)low and 
associat('d imph'meiits, (‘are should be taken to deter- 
mine whether it is more economical to utilize that 
already in the soil by (‘xtra labor, or to obtain it 
through h'gumiiious ])lants or from outside sourc.es. 

In ord(‘r to promote active nitrifi(;ation, warmth, 
moisture and air must be present in suitable quanti- 
ties and proix)rtions. Moreover, nitrification goes on 
far moi*e actively in the dark than in the light. Om; 
of the objects of i)lowing should be to bring about 
the best conditions, for if they are faulty, nitrifi(;ation 
may be f(‘eble or (uitirely arrested, (considering that 
nitrogen is the most expensive of the commercial 
plant -foods when purchased, the reader will at once 
see the wisdom of economizing home resources to the 
utmost. 

It should be said, in passing, that thorough plow- 
ing liberates mineral matter as well as nitrogen, and 
increases production in various other ways. It divides 
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the particles of earth, presents new snrfac^es to th(‘ 
action of the roots, and hastens chcnii(*al chanj^es. 

Physical conditions improved hy plowiny . — Plants 
may be said to travel towards their food, for in poor 
soils they form attenuated roots, with few libers, 
until soil containing more abundant nourishment is 
reached, where tlu'y develop an abundance of feeding 
rootlets. It may also l)e said that the food must 
be brought to the plant, for if the soil that (*on- 
tains plant-food is not brought into intimate and 
close contact with the roots, the plant is not nour- 
ished. If the physical conditions of the soil are bad, 
necessarily tlie food (mnditions are bad also, as the 
action of the forces which prepare the food is liin- 
dered. Good physical conditions ])resuppose that the 
])low and other implements have brought the soil 
into good tilth, and that in accomplishing this, nour- 
ishment for the plant has imudentally been made 
available. Aside from all this, the physical condition 
alone has marked effects on moisture and root -growth, 
and hence on the welfare of the plant, for the roots 
penetrate hard, dry soil with difficulty. On the other 
hand, roots cannot live in very open soil unless water 
is abundant and constant, — conditions not usually 
present in the growing season. 

Some plants are more likely to escape the vicis- 
situdes of our erratic climate, if induced by good 
physical conditions of the soil to form roots at some 
distance from, instead of near to, the surface; while 
others, as winter wheat, do best if the fall feeding- 
roots form within two or three inches of the surface; 
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h(^n(ie air, moisture and uoiirisUment slioiild l)e asso- 
(;iat(Hl ill tlie best proportions and at tlie rij^lit dis- 
taneo from the surfai'e. 

Flowhuj to hrin() fertilitfj to the snrfaee . — When 
Avatin* ])ass('s down thi'ouf^li tlie soil it earries some 
fertility with it. Tf it ean then he made to return, 
it should, in part, at least, restore to tla^ surface 
soil what would othcu’wise liave been left inert in the 
sub-soil. Observant farmers are often heard to re- 
mark, duriu^^ a dry season, that tlie following s(‘ason 
will be fruitful, as land during a drought beeomes 
ri(5li(‘r. So far as tlu^ surface soil is eoneerm'd, tliis 
is ti‘U(% for tlie watia* whi('h passes from the subsoil 
\i\) to the sui*t‘ac(* by (‘apillai’ity earries witli it some 
plant -food, the largiu* part of wlih'h is nitrogen. 
A i)ai*t of lh(‘ Avat(‘r thus lirought near the surface 
evaporates, and leavt‘s bi^hind what plant -food it held 
in solution. Tlu^ alkali lands of the plains might be 
cited to show the gri'at activity of capillai’ity in 
liringing soluble material to the surface. P)y irriga- 
tion the d(4eterious salts of these lands are Avash(‘d 
out, or rather down, and the soil becomes fruitful, 
but if the land is not kept irrigated the salts again 
come to the surface and kill the plants, llilgard, in 
his report on alkali lands,* says: "The most obvious 
n'UKuly for this evil is, of course, the leaching out 
of the injurious salts by ditching and flooding, or, 
if possible, by underdraining. This method is habit- 
ually resorted to in sea-(‘.oast marshes, near the 

’""Alkali Tjands, Irrigation and Drainage.” Appendix to Kept. Cal. Exp. 
Sta. for 1890, p. 27. 
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mouths ot* rivers, after tla^ salt water lias been ex- 
cluded by embankiueiits. Wlieii the alkali 

is not very abundant nor very noxious, frequent and 
deep tillaj^e may afford all tin* reliid' luualed. Beyond 
(|uestion tlu' dama^^e doiu* by alkali, in at h^ast nine 
cast's out of ten, is dm' to at'eumulation at or near 
the sui-fat't*. * * More than half of tlu' alkali 
land in this state that tlu' peoph' art' afraid to toiK'h 
requirt's no other rt'int'dy than thorou/^h, dt'C'p tilhif^e, 
maintained at all times.’’ I (*annot forbear (luotinc' 
(uitire his illustration, to show how hard and soft siir- 
fa(*(‘ soils afft'et moisturt' : '' Tht' d(*ns(‘ erust absoi’bs 

watt'i* imudi more powt'rfully than dot's tht^ loost' soil 
beneath. This moisture is ftu-eibly tlrawn from the 
latti'r into the snrfart^ (‘rust, and tht'rt' evajiorates 
(init'kly under the inHut'iit't' of the air anti sunshintq 
hardt'iiiiif? the erust more and mort', and aeeumnlat- 
in^ tht'i't'in an int-reasinj^ amount of alkali. To 
illustratt' this, ima^int! a sponj^tq rtqii't'st'iitinj^ the 
loost‘ soil, to bt‘ saturated with watt'r, anti a hard, 
burnt brit'k, representing tht; <'rust, to bt^ laid ui)on 
it ; the brit'k will take all the wattu* from the sponj^tu 
Yet if the brick be soaked in water and tht^ sponf^tj 
pressed on it, the sponge, representing the wtdl-tilled 
soil, will not take up a partit'lt^ of moisture.” 

If the plow and the dry earth -mulch be so used 
as to promote capillarity, they will indirectly assist 
in bringing fertility witliin reach of the plants. 
Thorough tillage tends to multiply rootlets. Plants 
which have numerous roots are capable of taking 
up more nourislnnent than those which have few, 
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(consequently the multiplication of roots is desirable, 
except in rare instances when the plants make such 
rapid growth that they fail to fruit satisfactorily. 
The root- pruning of plants, so largely advocated some 
years since, has gone out of practice, and, instead, 
the multiplication and pr(‘servation of them, espe- 
cially the smaller ones, is now in most cases held 
to be d(csirable. Plowing not only promotes avail- 
able fertility, but also increases the area in which 
nourishment may be found, and the plant responds 
to its environment by sending out feeders in all 
direc.tions. However, should the conditions recom- 
mended prevent as early and full fruiting as desired, 
it is wiser to hasten it by withholding nitrogenous 
manures and f(U‘tiliz(crs than to do so by neglecting 
or mutilating the roots. 

Flowing to bury trash . — The object of plowing 
may often be chiefly to bury trash. All dead and 
living plants and coarse manures should be so per- 
fectly covered by the furrow that the harrow and 
cultivator will not disturb them, or become ob- 
structed. If the furrow be narrow and shallow, this 
cannot be satisfactorily done. It is true that there 
are cases in which a shallow furrow is desirable, but 
a narrow furrow may be avoided if the plow has 
the proper form. A chain attached to the beam of 
the plow and the end of the double -tree will greatly 
assist in burying tall plants, especially if the jointer 
can be used in connection with it. Coarse manures 
may be raked into the furrow in order to completely 
bury them, but with suitable plows and attachments 
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this (wpc^nsivo inothod of acroinplisliiii^ so simple an 
o|)(‘Vati(Hi is not necessary. (S<‘e "How to plow," 
paj^e 90.) 

If tlu^ vegetable matter is bnried at some dis- 
tanee from the surface, where it will be kept con- 
stantly moist, it decomi)oscs inoiH' rapidly than if 
left to dry on or near the snrfac'e. Coarse vege- 
table matter used to form a mulch, should b(‘ si)rcad 
upon t]i(‘ land nftvr the cultivation has be(m (‘om- 
pleted. V(‘g(‘tabh^ matter plow(*d under may warm 
the soil, and furnish nourishmcMit for the plants 
after what has l)een set free by tillage has been 
largely exliausted. 

If oiK^ of the objects of plowing is to bury trash, 
it can be a(‘complished in no othia* way so well as 
with a strong team and a lai-ge, fully equipped plow. 

TIMES AND METHODS OF PLOWING. 

When to plow . — Land should be plow(*d when in 
a bad i)liysi(‘al condition, cv(‘n though the surfac(‘ 
soil contains more jdant noni’ishuKait than the sub- 
surface does, for good physical conditions are (jnit(‘ as 
necessary, perhaps moi'(* necessary, than an abundance 
of available plant-food. Whenever it is found that it 
is difficult to set free plant- food and form a satisfac- 
tory seed-bed by surface tillage, then the land should 
be plowed, notwithstanding the additional expense. 

Climatic; conditions, together with the character of 
the land and crop to be raised, must determine to a 
large extent whether the plowing would better be 
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done ill fall or si)riiig. Clay lands in some eases 
may be greatly benefited if thrown into liigh ridges 
in the fall, so that the water may esc'ape, and 
weatliering may destroy the tenaeity of the soil and 
lib(‘rate mineral matter. In (uirn stubble, where 
there is little danger of washing, a large, dee]) fur- 
row drawn tlirougli (‘aeh row works wonders, and is 
usually more efiieaeious in making the land fine and 
'' early than if the entire area is broken up, for in 
the latt(‘r (*ase the soil is likely to run together 
and b(M‘()m(‘, hard and diflieult to fit in the spring. 
Otlier ''op(‘u land” than corn stubble niay be sm^eess- 
fully treated, as the winter approaches, in much the 
same way, by plowing one furrow and ski])ping nearly 
two; but ill no ease should two fui'rows be tui’iied 
together, for this I'esults in such high and broad 
ridges that they are not easily leveled by the harrow 
before replowing in tlie spring. If but single furrows 
are thrown up instead of double ones, they may be 
easily leveled by chaining a S(*antling crosswise under 
the front end of the harrow and driving lengthwise 
of the furrows. The treatment advised above, as well 
as that which follows, may result in liberating much 
plant -food, and in so improving the physical condi- 
tions of the soil as to make it possible for plants 
to avail themselves of it. It is true that all this 
implies additional labor, but if soils that are cold, 
wet and hard to fit in the spring can be made 
friable, and the time of sowing advanced, may not 
the fall plowing, in the outcome, be advantageous ? 
With rare exceptions, autumn plowing should be done 
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early, and while the j^round is fairly dry. Tlu' work 
should he performed when there is most leisure, 
unless there an^ eompensatin*^ a<lvanta^^(‘s to he gained 
hy deferrint^ it, as the eost is less and tlu^ work is 
likely to he better done. Early fall plowini^ is 
nsnally Ixmefieial, even tlioujjfh shallow r(‘i)lowinj; is 
n(‘(*essary in the sprin*^, and a fall ’'(‘at<*h erop’^ has 
to he sown on li<?ht lands to ])]‘event tlnmi from 
leaehint^ dnrinj? the rainy iiionths. In tln^ j^iM'at 
wln^at distri('ts of the northwest, wheiu* tin* wint<*rs 
ai*(* dry and (‘old, fall plowin*^ should h(‘ and is 
the (‘ommon praetie(‘. W(‘ath(‘rinj,^ of th(‘ soil is a 
more (M*onomi<‘al method of settin^^ fV(H^ ))lant-food 
than snrfa(‘(‘ tilla^^e, and wlnm <*(‘i'tain e.onditions ar(‘ 
pr(‘sent, as hard fr(‘(‘zin^ and lif^dit ]*ains, and wlam 
a j^oodly intei'val eom(‘s h(*tw(‘en the hai‘V(‘stin^^ of omi 
(‘I'op and the plantin^j of the n(‘xt, it (‘an lx* ])ra(‘- 
ti(‘(‘d siK‘(‘(‘ssfully. If the land is inf(‘st(*(l with 
wire-woi’ins late* fall plowing will d(‘stroy many of 
tlnmi.* 

Sprinj^ plowing is best done early, if tin* soil is 
in proper (‘ondition, and it may he done even when 
slightly too wet, provided some little freezing fol- 
lows. Sinee early sowing is of prime importaina* 
if plump grain and bright straw are (l(*sire(l and rust 
is to he prevented, some risk may be taken in this di- 
rection. On damp, rich lands, late -sown (‘ereals, es- 
pecially oats, are likely to suffer from fungous dis- 
eases, which result in diminished fpiantity and im- 
paired quality. Ground intended for the production 


♦For the treatment of wire- worms, see Bull. 33, Cornell Exp. Sti, 
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of maize is improved by early plowiiij^, unless the 
land is oeeupied by clover, wluui it may be wiser to 
defer the plowing for a time, in ord(‘r that the 
(dover mny Tuake some growtli Ind'en; being turned 
under. In this (^ase, tlie gain in tlie growth of 
the clover may more than compensate for the plant- 
food whi(‘h is liberated by the (‘arly i)lowing and the 
weathering. 

}Yhen not to plow . — If a, good seed-bed can be 
prepared easily, and tlie surfai'e is richer than the 
sub-surfac(‘ soil, as in a well-tilh'd potato field, then 
the ground may be sown to grain without plowing, 
more especially if tht^ ])re(a‘diug crop was a deep- 
rooted one. 

When the land is jiroducing a reasonable harvest 
of hay, and the plants are jKn-ennial, it is not well 
to destroy them and, after laborious effort, harvest 
those of less value, as not infrequently occurs when 
timothy sod on (day land is broken up and planted 
to maize. 

It is well understood that it injures land to plow 
it when wet ; it is not so well known that land 
may be injured by plowing when too dry, for if 
the soil becomes very dry or dust -like, it is likely to 
be beaten down and puddled by heavy rains. Land 
which is designed for fall sowing would best be plowed 
at least one month before the sowing takes place, as 
wheat and like cereals love a cool and compacted sub- 
surface soil. 

How to plow . — In midsummer and fall, deep plow- 
ing is desirable ; in early spring, rather shallow fur- 
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rows are usually best, as the 
sub -surface soil is much cohhT 
and wetter than the surfa(*e soil. 
These are meant to apj)!}', of 
course, to the management of 
land in farm crops, and not 
necessarily to orchards. ^la- 
nures and other decayin*^ matter 
should not be turned under 
deeply in the spring, for if 
left near the surface they decay 
quickly, and tlic roots of the 
growing plants are able to feed 
upon them early in the season, 
111 the spring the land should 
be ’'struck out,^’ so that the 
turning at the ends may be 
towards the right (or the left with 
a left-hand plow), that no tram- 
pling of the plowed earth may 
occur. In the early part of the 
season it is desirable to keep 
the land loose and light, in 
order that warmth may be ab- 
sorbed and moisture evaporated. 
If there is danger that evapora- 
tion will go on too rapidly, the 
surface tillage of the soil should 
follow the plowing closely. While 
the fining and compacting which 
result from the trampling of the 
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horses’ feet, when the hind is dry, is often desirable 
if distributed over tlie field, solidified places, caused 
by turiiinj^ at the ends of the lands, are to be avoided 
in the spi-iiij?. It has become far too common to 
leave the field witli few or no open furrows ; this 
may do where it is thoroughly drained, or the soil 
sufti(dently porous to allow the water to percolate 
tlu'ough the subsoil in a reasonable time, but there 
are many fields in which the open furrows should 
not be more tlian ten to fifteen paces apart. It 
is not dini(mlt for a skilful plowman to leave the 
surfa(*e in great, gentle swells and in suitable condi- 
tion for the passage of the harvesting machinery. 
On clay land, where damage is liki^ly to occur from 
\Vater standing on the surface, tlie ridges of the 
lauds may be in the same phuie for several succes- 
sive plowings, ])rovided the two furrows of which 
they are (composed are not overlappcnl, and the 
ridg(?s aiH^ split and thrown bai'k when the land 
is not in sod, and the opim furrows are partly 
(illcal by light bai^k-furrows and harrowings. (See 
’’Surface Tillage,” page 99). 

Plowing ’’lands” of five to seven paces do not so 
efiectmdly drain off the surface water of nearly level 
lands (see Fig. 19) as those of from twenty to twenty- 
five pa('es do, be(‘.ause not enough water is carried 
into any one of the dead -furrows to produce a cur- 
rent suffi(uent to overcome the obstruction offered by 
clods and friction. 

The open furrows which divide the narrow lands 
(c, d and e ) have stagnant water in them, while 
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those {a and h) wliieh divide the wide lands are 
free from water. Coiu'entration of watm- tcmds to 
move it, division to briiijr it to rest. A strikinjjf 
illustration of the lathu- is seem in 
the eiiltivated fields of the south, 
where the eottoii i-id«^es are laid 
nearly at ri<,dit angles to tlie stee^j)- 
est ineline, therel>y pn^vemtin*^ wash- 
inj^ by too rapid fall and by 
division. Th(‘ jetties of tlu^ Mis- 
sissippi may semve to illustrate th(‘ 
l)rin(dple of inereasin^ flow and 
s(*()urin^ by eoneentration of wuteu*. 

Usually the li^^diter the soil, th(^ shal- 
lower the plowin^^, exeept wlam it 
has received liberal dn‘ssin‘>s of barn 
manures, or has aeapiired a larj^e 
amount of vef,^etable matter from 
other sources, when the plowinj^ may 
be done as experience sliows will give 
the most profitable results. In mar- 
ket-gardening, three to five cords 
of manure are sometimes api)lied per 
acre for several consecutive years; the 
soil will then contain a superabun proper arrange- 

1 n •, IT T nient of (JriviiiK 

(lance oi nitrogen and humus, and linos for throe 

will retain moisture, and all the rules 

for plowing light lands may be broken with impunity. 

Thorough and d(?ep plowing is most (jconomically 
performed with a large sulky plow’ and three or 
more strong horses, except when the fields are small, 
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irregular or hilly, when an unmounted plow and two 
horses may be used to best advantage. Three horses 
abreast should not be driven with double cheek -lines, 
as their mouths soon become sore from the bits 
being drawn through them by the couplings which 
connect the horses. Two extra checks, buckled to 
the double lin(‘s just back of where they branch, 
will allow fr('e motion of the head of ea(di horse 
without disturbing its mates. Fig. 20 explains the 
arrangement of the lines, tluj bits being represented 
by /, T. 

Past -walking, strong horses not only get through 
with more work, but do better work than slow- 
walking, light teams do; for, within (‘(u*tain limits, the 
fastei* tlie i)low moves the better the ])ulverization. 
In stoii}^ land, where a slow pace is desired, it is 
pleasanter to restrain a lively t(*am than to urge a 
slow one up to a business gait. The team should 
be able to draw a i)low at a rapid walk for nearly 
live hours eons(‘cutively ; nim* to ten hours of actual 
work p('r day is all that should be required. It is 

bad e(Muiomy to sit on the plow handles to kill 

time while the horses are storing energy to proceed. 
One may know how to plow well but be unable to 
do so, if furnished with a spider -legged team which 
has had to spend the greater part of the night in 
getting its food from sorrel -covered hillsides. On 
fairly level fields of twenty acres and upward, four 

to six horses may be used to a gang of two or three 

plows, and the plowing will be • done cheaper and 
better than by dividing the teams ^nd gang into 
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three s(‘p{irate outfits, n‘(|uirin^ two additional plow- 
men to op(‘rate. 

In ehanj^nn^ potential into a(‘tnal plaid -food, econ- 
omy and ellieieiK'y both (Umiand larj^nn* fields, (*ven 
if some of the inside fen<M‘s hav(‘ to lx* removaul and 
portabh; ones snhstitntixl for a ]>art of tlnmi when 
mM'ded. Tlu^ width of tin* f'nrrow should Ix^ sli^ddly 
^reatm* than the i>low (*au ent, as it is (‘asi(‘r ami 
better to tear off two or tlinx* ineh(‘S than to eait it, 
and this may b(‘ dom^ (‘ven wher(* Canada thisth‘s are 
jiresent, as tlaw ar(‘ injnrixl more ]>y liavin^^ their 
lieads tnrmxl under than by having tlnnr roots ent 
off. The more ditlienlt tlu* land is to enltivati*, the 
more ('orrn^nd(‘d, — not <*l<xldy, — the plow should 
leave tin* snrfa<x^ ; this is (‘spcx'ially true of land 
lik(‘ly to run toj^ether dnrin^^ abnndaid. i*ains. 

Six w<dl -liroki'ii hors(*s, (‘itlaa* two or threi* abriaist, 
may be driven witli a single lim*, as is done in (Cali- 
fornia ; this may also Ix^ dom* with a sin^di* three- 
horse team. When sev(*ral tcaims are ns(*d to^etber, 
all but the beam horses may have their double -tnx's 
attached to a chain run thron”:h tin; rin^^ of tlie 
neck-yoke of the l>eam team, or (‘ach liorse may liave 
his trai'cs hooked to the rinjj: in tln^ liames of the 
horse behind ; thonf»:h this nndhod is the most con- 
venient, it disturbs the true line of draft, and is liard 
on the necks of the beam horses. If thus attached, 
the smallest team should be placed at the rear and 
the largest ahead. 

Line of draft in plows,— Both, the English and 
French use loj^er traces and plow -beams than the 
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Americans do. The fashion s(^t us by our foreign 
ancestors would no doubt liave been followed if 
stumpy fields had not taught us that shoi't traces 
and plow- beams are more (ionveni(mt. The normal 

line of draft is at 
riglit angles to tlie 
plane of the hoi’ses’ 
shoulders and in a 
straiglit line from 
the point of greatest 
resistance through 
th(‘ (devis at the end 
of the beam to the 
point at which tlie 
traces are attacdied 
to tlie hames. — 
Horses appear to 
work easier with 
short traces, becausii 
the line of draft is 
rais(;d at the hames. If the work is at all s(‘vere, 
this materially helps them to secaire a firm footing, 
while it relieves some of the friction of the sole of 
the plow. While this holds good with unmounted 

plows, short traces do not relieve friction when the 
plow is mounted. 

A pierce of iron sixteen inches long and five- 
eighths inch by two inches, pierced with three 
holes at suitable distances, standing vertically, 
makes a light, handy three -horse evener. This is 
shown in Fig. 21 • The holes of all eveners should 



ri«. -1- A liatuly tliree-horso evoner mudo of 
bar iron. 
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be ])la(*ed in line, or tliey are not even(‘rs. If tin' 
center bole is aln'ad of the ('inl bob's, tb(‘n tin' weak 
or stninblinj^ bors(‘ that falls la'liind bas tin* sboi-l 
end of tbe lever {h to c, Fij^. and innst do inor<‘ 



Fig. ' 12 . Diagram showing tho mechanics of the evener. 

than half of tbe work before be regains bis position. 
If tbe evener is furnished with a staple at tbe rear 
side in the middle, and tbe ends with clips, instead 
of clevises, as is quite common, then the reverse 

H 
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conditions of those shown in Fig. 22 will be pres- 
ent, and the horse that falls behind will do less 
than its mate. To obviate all unevenness of an 
evener, always place the three points of attach- 
ment carefully in line. 

Narrow furrows have always been reciommended, 
as it was believed that the best plowing could not 
be done with wide furrows ; this was true with the 
old, imperfect moldboard, but with the improved 
one good work can be done, even though the fur- 
row be two or three times as wide as it is deep. 
The wider the furrow within r(‘asonable limits, the 
cheaper the plowing can be done ; the same holds 
true as to depth, since the power to draw the 
plow does not increase in the same proportion as 
does the sq,uare of the furrow- slice. Tf a furrow six 
inches deep by ten inches wide (sixty square inches) 
requires 200 pounds of energy, 400 pounds will not 
be required by one eight inches deep by fifteen 
inches wide (120 square inches). 

Anderson* secured the following results from a 
trial of drafts of plows : 

Depth of furrow. Aver, width. Sq. in. in Aver, draft. Draft per 
furrow. sq. in. 

7 inche.s. 12.74 inches. 89.18 353.9 lbs. 3.96 lbs, 

10 “ 13.46 “ 134.6 441.49 “ 3.28 “ 

These results agree in the main with those secured 
by Prof. J. W. Sanborn, 1888 (Missouri Bulletin 32). 

At the Utica Plow Trial, in 1867, the increase 
was found to be about 10 per cent for each addi- 


* Thesis presented to Cornell University by Leroy Anderson, B.S., 1896. 
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tional incli in tlio width vnri(‘d and 

tlio depth was constant, the following results were 
secured : 
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SrHFAi'U TinLA(iK. 


The results of surfa<M‘ tilla^n*, like i)lowinj;, may 
])(' simple or (*omph‘x. Tin* prime <»)),j(*et is usually 
to form a sinooth, lim^ seed-l)ed, l)ut unwittint,dy 
the other ol)j«*ets s(‘eured may 1)(‘ of far more im- 
portane(‘ than tlu* one souj^ht. S<*(*ds whieh an^ 
small r(‘([uire shallow eov(‘rinj^% lumec^ th(‘y demand a 
s(MMl-h(‘d made extremely tine, and whieh may be 
eompaeted with the roller aftei* se(‘dinj,^ to ’j)revent 
too fre(‘ eireulation of air and to brint; moistuni 
to the surface ; in the cas(? of lar^c* s(*(‘ds, whi(di 
iiHpiire deep eovei-in^, tin*, surfm'e iumhI Ih* oidy tine 
enough to induce capillarity to briug wat(U' near the 
surface. Plants which throw out roots near the sur- 
fa(*e should receive shallow surface tillage, while those 
which root deeply may have d(‘ei) tillage. The aim 
should be to prevent the water from rising above 
the earth in which the roots are feeding. 

A (‘orrugated surface, produced by deep tillage, 
may be resorted to for drying the land in extreme 
cases ; hence it is just the reverse of >v'hat is desire4 
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ill dry weather, as it exposes a larger surface to 
the aetioM of the wind and sun than a smooth snr- 
fa(‘e does. Surface tillage may he made not only 
to (conserve moisture, but to set free plant-food ; 
it* the ])lants ar(‘. deep-rooted, they may secure 
only a small jiart of the food liberated l)y till- 
ag(‘. This emphasiz(‘s the need of deep plowing 
and dei'p surfaces preparation of tln^ land for all 
tap -rooted plants; with shallow- rooted ones deej) 
tillage is not so imp(n*ativ(^ ^foo much stress (;aii- 
not be laid on tln^ necessity of superior snrfa(*-e till- 
age for the pnr])ose of forming a mulch of line 
earth to conserve moisture, and for promoting filtra- 
tion of water and the (‘asy passage of moisture up- 
wards to the mulch. Wlnmever heavy rains have 
produced a crust, it should lie bi*oken u]) by tillage 
as soon as the land is in a suitable condition, that 
the earth -muh'h may be restonnl and evai)oration 
arr(‘st(‘d. The philosophy of the surfa(;o mulch is 
explained in Chapter IV, 

Usually the mulch is not preserved long enough 
in inter -tilled crops. The best results cannot be 
rea(died if tln^ foliage of tlie plant is not kept 
h(‘althy and active, and it cannot be kept so with- 
out a supply of moisture, espeiually during the 
flowering and fruiting period. The yield of inter- 
tilled crops is greatly increased if the earth -mulch 
is preserved intact until late in the season. 

In the orchards in Sacirameiito Valley, California, 
the trees are usually loaded to the earth with fruit, 
the great, broad, green leaves of one tree touching 
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tliose ot its noiglibor, and yrt irrigation is not prac- 
ticed, tlionjjfh rain seldom falls from the last of 
April to the lirst of October. As om‘ siidvs to tlu; 
shoe latehets in the soft, dusty (‘arth of th(‘S(^ fruit- 
ful lands, he is h‘d to a])i)reeiate th(‘ power of (‘aj)- 
illarity to ))rinL!f moisture to th(‘ rooth‘ts, jmd tlui 
(*tliei(‘ney of a (hM‘p-earth mulch to eonsc'rve it. '^flu^ 
wint(‘r rains till tlu* subsoil with wat(‘r, tin* d(‘(*p, 
dry earth-muhdi of four inches or mor(‘ arr<'sts 
(‘vaporation, eai)illary attraction lifts the* water from 
tln^ sub-r(‘S(‘rvoir to th(‘ rootlets and as hij^di as tlui 
under surfa(‘(‘ of tin* earth-muleh, and thus by seimi- 
titie treatnuuit of the soil tin* orchards an* carried 
safely throuj^h a drought of live* months’ duration. 

When the* object of surfa<*(‘ tilla^^c* is mainly to 
d(‘stroy weeds and ^rass, then it, shotdd bc^ <.,nv<‘n 
l)(‘fore th(*y have b(*coim* tirmly fast(‘m‘d in tlu! soil 
by th(‘ir roots, or, still b<‘tt(*r, b(*f()r(‘ th<‘y have ap- 
pt'‘ai*ed above* <^round. IN*r(*nnial j)hnits ai*<‘ likc*ly to 
live throuj^di the* y(*ar and ap})(*ar the follow! n;.,^ s(*a- 
soii in a vigorous (rondition, if allowed to form h*aves 
a few times during tin* summ(*r. Thc*r(^ arc* two 
periods when plants may be most (*asily destroyed : 
before they emerge from the ground, and wh(*n in 
blossom . 

Spring -toothed implements, or those; of a similar 
character, serve best for destroying annual w(;eds ; 
the plow, the spade and the mattock are best when 
hardy perennial weeds are to l)e eradicated. The 
scythe, though used largely in lieu of the last-named 
implements, is never an entire success, for it per- 
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iiiits some growth to continue, and the weeds, though 
weakened, are not killed. Frequently the (^hief bene- 
fit secured by surface tillage in the spring is at 
first iiKUHiased warmth ; later it may t(‘nd to prevent 
(H)oling by evaporation. If crops are inba*- tilled 
(‘very ten days, all the benefits to be dei*iv(‘d from 
i liter- (iulture may be expecdiMl, as moi*e frequent till- 
age does little good and tends to ari*est growth, as 
rootlets are broken and the plants bruised uniuM'Cs- 
sarily. With shallow -root(‘d plants, as maize, the 
inter -tillag(i should be as d(‘ep as practicabh? at first, 
that the soil may be prepared thoroughly before th(5 
roots have entered it, and shallower later oji, in 
order that the rootlets may be disturbed as little 
as possible. Tillage should not ])ro('eed so far as 
to convert the soil into dust, or it may puddle and 
bake during and after heavy rains. Inter- cultural 
tillage is most economi(*ally p(*rformed by the use of 
a two -horse team and wheel cultivator. 

Implements, for surface The roller may 

greatly facilitate the fitting of the land in two 
ways, by so comi)acting it that other implements 
act effectually, and by breaking clods. Rolling after 
the seeding hastens germination in dry weather, be- 
cause it increases the capillarity of the soil by com- 
pacting it and, therefore, brings moisture to the very 
surface. In the spring, the rolling of heavy lands will 
be detrimental if abundant rains should follow, but 
beneficial if dry weather follows. The roller may 
be used in many ways to assist, directly or indi- 
rectly, in securing the objects sought ; viz, liberation 
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of plant -food, iinprovoinent of pliysiaal conditions, 
increasing of capillarity at the surface, luistenin^^ 
y:erniination of small seeds, and i)rcparin^^ a smooth 
surface. The roller is a useful implement, hut it 
requires ^ood judj^ment and somt? exi)eri(‘n(*e to know 
wlieii and where to ust^ it. 

Plankei's arc often more ellicacious in tinint^ and 
th(‘ interstices of the surfaci^ soil than rollei’s 
are, for instead of jmshiiif^ th(‘ clods into the soft 
soil th(‘y ^n’ind thmu, and haivc th(‘ surface smooth 
and fine for th(‘ re(*eption of small seials. 

Harrowiii^^ tools may be classified under three 
«:en(‘ral heads : thos<‘ which tend to jUM^ss the soil 
down while tininj' it, those whi(‘h tend to lift it up, 
and thos(‘ which tend to slice it. Ot* tlii^ first class, 
the hai-row or draj^ may )m‘ citiMl. Strictly speak- 
ing, th(* harrow may be defined as the implement 
in which tlu^ badli proj(‘ct so far through the frame 
that its bars do not level or j^rind the clods, while 
in the draj^ the teeth are short and tin* bars s(‘rve 
to ^rind and level the soil. In most cases, the 
latter implement is to be preferred, since in any case 
the teeth do not enter the soil but a little way. 
Long teeth are objectionable, as they tend to clog, 
and prevent the harrow from doing a part of its 
legitimate work. There are many reasons why the 
harrow should be spread over a large surface, the 
chief of which are that it runs steadier, is less likely 
to become obstructed, and does not so easily dodge 
the hard places. It also is more efficient in level- 
ing the inequalities than a compactly built harrow is, 
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and much otouikI may be gotten over where only 
a liglit liarrowing is desired, while in rough ground 
a half lap may be taken or the ground gone over 
twice, thus increasing efflciem^y by attacking the 
clods from two directions. The common harrow 
may not only be spread over a large ariNi to ad- 



vantage, but it is best when made large and heavy. 
One has only to observe how inefficient the half of 
a harrow is when used alone, to be convinced that 
it is economy to use large ones. Those which are 
mounted on wheels are more efficient than those 
which are not, as they run more steadily and are 
more readily managed. 

The second class comprises the spring -toothed 



Tillage Imphineuts. 


lOf) 

harrows, which are really cultivators, and should he 
classed with them. The action of the thii-d class — 
as the '’Acnie’^ — soim^whal resenibh's that of the 
l)low, since it first (uits and then <^n-inds th(‘ soil. 
The laud and tin* condition in whiidi it is h‘ft by 

the plow vary so wid(*ly that it is ditlhailt to fore- 
t(‘ll whi(di of th(‘S(‘ <‘lass(*s of implcimmts will be 

most efficient for the pow(‘r (*xpcnd(‘d. 

Cultivators are of numberless patterns. — In the 
west the te(*th of these* imph*nicnts are* usually 
made with a Hat or tiattish surface* in front, while 
in the east the*y usually have* a i*e)nnele*el fi'eent. The* 
former are by far the* meest e*ffi(*ie*nt , as tlcy e'eempe*! 
one portion of the* se)il to crind ane»the*r by the 

sharp e*e)ntact nee*e*ssary te) j)nsh the* se)il to the* 

ri<,dit and le*ft, while* the* ronnele*el teaetli allows the* 
emrth to ese*a|)e with le*ss pnlve*ri/atie)n. Most e*nl- 
tivators fail to cut anel de*stroy all tonj^li, taj)-roe)te*d 
plants, as Canada thistles and eleee-ks. Whe*re*ve*i* a 
j^an<^-ple)W esi)e*cially made tor shalleew tilla‘.C^i e*an 
be substituted for them, the^ weerk will be^ nioi’e* 
satisfactorily performed. Three small me)unte*d me)ld- 
boards, with share attache*d to e*ae*di, cutting ten 
inches wide and three to four ine*hes dee*}), make* a 
most efficient implemient in many e*ase‘s tor pre*parinj,^ 
a seed-bed. (S(?e Fif,^ 23.) There are many other 
implements adapted to local conditions and special 
crops which may be made to assist in preparing the 
soil and in liberating fertility. 

It is believed that the time is not far distant 
when wheat, oats and barley, and indeed all grains 
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that are now broadcasted or di'illed, will receive in- 
ter-cultural tillage similar to that now given to 
maize, and this will not be by baud, as in some 
portions of Europe, but by horse -hoe tillage. It is 
fully realized that two to thre(^ times as much seed 
is now sown as is ne(‘,essary to ])roduee a maximum 
(*rop, W(U*e it not ift^cessary to (U’owd out and re- 
{)ress the weeds by thick seeding. When too many 
plants are present they unnecessarily rob the soil of 
plant -food, and especially of moisture ; hem^e all the 
plants are dwarfed, and notwithstanding their vast 
numl)er the yield is, as in wheat, reduced to less 
than one -half of a moderate crop, and one -third of 
what plight be secured under the most favorable 
(Hinditions. 

The unsatisfactory results secured during the last 
few years by seeding to grass and clover with one 
of the cereal crops leads to the (amcdusion that this 
practice will sooner or hitov have to be discontinued. 
In fact, the practice of plowing and fitting the stub- 
ble lands in August, and of sowing grass and clover 
without an associate crop, has been adopted in many 
cases. The results reached by this method are en- 
tirely satisfactory, as a full crop of hay is secured 
the following year. Heretofore, the objection to seed- 
ing without an associate crop has been urged that one 
season or crop was lost. Since the lesson of pre- 
paring the soil thoroughly and of sowing early has 
been better learned, this objection has been entirely 
overcome, so it is probable that on small areas on 
high-priced land, the yield per acre of wheat and 
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similar (‘rops will l>t‘ inon* than donhh^d l>y some 
method of intt‘r-cultur;d tillaj^e, and that the practice 
of early fall sccdinji: to tjfrass and clovta- withont an 
associate crop will hcconn‘ mor(‘ and more common. 

11 (‘ who has si)cnt bnt a sin^di* snmnu*!* toiling 
lonj,^ days in th(‘ ti(‘rc(‘ snn, stnhhin^^ his toes against 
the nnnu'i’ous (dods and stomps ^v#ilc wiping liis brow 
of th(‘ sweat and dust will, it is liojxal, catch tln‘ 
spirit of (his lon^ (diapti r, in which th(‘ aim has 
been to show how toil may be chanj^cd into ins])irin»: 
and wisely dir(*ct(‘d work, and how the dnll (dods of 
(‘arth may be transfornnMl into joyous lib* by tin* haist 
expenditure of physical (‘X(‘rtion. 

In all this etfort, the obj(‘(‘t slionld be to moi*(* 
wisely dir(‘(*t tin* for(*(*s of natnr(*, in onha* that 
larger and more l>(*neti(*ial ivsnlts may lx* s(*cnrcd 
with the minimnm (*xp(*nditnr(* of human mnsclc. 
Tliere an* vast dormant cncr;4’ies — animal ninsch*, 
steam and wat(*r, electricity — whi(*h, when w(*ll di- 
ivcted, may so ^i’(*atly (*as(* tin* burdens of rural 
life as to make tln^ farm a pleasure, even 111011*^11 the 
actual cost of the operations may not lx* ]vdnc(*d. 
If the introdnetion of the reaping ma(‘hine had )x*en 
of no value in farm economy, the invention would 
still have been worth the wliih*, Ix'cause of the 
mental uplift which it gives the farmer’s boy who 
learns how to manage it. 



CHAPTER IV. 

0 

CONSERVATION OF MOISTURE. 

In the preeedinj^ chapters reference has frequently 
been made to the conservation or saving of mois- 
ture, tlie capillarity of the soil, and the earth-mulch. 
It will now be profitable to eiKpiire more spe(dfi(ailly 
into these matters. To the (careful observer, it is evi- 
d(mt that (uiltivated plants suffer far more from hu^k 
of moisture than from la(‘-k of nitrogen, phosphoric 
acid and potash in the soil ; that is to say, nearly all 
soils would respond to tillage in a most satisfactory 
manner were there an ample supply of moisture for 
tlie use of the plants at all times. This is so self- 
evident that it need not be illustrated or proved. 
Then, without hesitation or modification, it may be 
said that the problem of providing a suitable supply 
of moisture for growing plants should be e.arefully 
considered when a study is made of the science and 
art of agriculture. Tons of farm products lay rot- 
ting along the Ohio river a few years since because 
the water was so low that they could not be carried 
to the market. Tons of plant -food remain unused 
and useless in the soil of the farm for lack of mois- 
ture to transport the waiting nourishment into the 
living plants. It can hardly be too strongly empha- 
( 108 ) 
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sized that the subject of moisture, how to secure it, 
how to (‘ouserve it, and how to us(‘ it, is the oii(‘ 
that slmuld r<‘eeiv(‘ th(‘ most scicMit ilic, tlu‘ most can** 
ful and i)(‘rsistent iuv(‘sti<^ation that the t’arnua- is 
able to Kdv(‘, for without moisture nothing (*an pass 
into or out of (drculation. 

Th(‘ j^ist of th(‘ whol»‘ matt(‘t* is tliis ; The soil 
is a sponj^e, holdinjj: water by (‘apillary attraction ; 
in di’v weatlnu* the moisture ))ass(‘s upward by 
capillary movement, th(‘ wat»‘r from below takin;^^ tin' 
j)hi(*e of tliat w]ii(*li (‘vaj)orat(‘s fi*om the surface* ; the 
rate* of this upward tle>w eie‘pe‘nels »^re‘atly npeen the* 
(*e)mi)act!iess e)r e*apillary e*emt.inuity e>f the* se)il ; if 
some nem -e*apillary bexly is pla«*e‘d on the* soil, e‘vap- 
e)ration is clie*e*ke*d ; this ne)n-e*a]>illary boely may lee* 
a mulch of straw or manure, or b(‘tte‘r, a mulch eef 
loose dry soil,— the* 'S*arth-mule*h ” eef whie*h we* have* 
spoken . 

If wat(*r is allowiMl to flow off tbe fielel anel 
forest unnecessarily when it is abundant, it e*annot 
be returned except by expensive appliane*,e‘s and much 
lal)or. In the greater part of tlui United States it 
is wiser to store and hold back tin* meeisture in the 
soil to the point at which, if more were stored, it 
would be injurious. It has already been shown how 
the moisture -storage capacity of the soil can be* in- 
creased without injury to its productive power by 
deep tillage. Something has also been said imuden- 
tally on the conservation of moisture. There are 
various methods, one or all of which are always at 
hand, by which both water and moisture may be 
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saved or eeonomized for tlie use of growiii^^ l)Iaiits 
throuj^liout the season. 

Shadinj? by e.uttin*^ off the direet rays of tlie sun 
rediKies evaporation, and may indirectly slij^htly in- 
(n*(;ase the (*apillary action ot* tlie soil, thereby ena- 
Vilinjj it to brin^ up more moisture from below, and 
also prc‘ventin^^ the exc^essive cwaporation of it from 
t\n) surfa(‘C‘. Hrush, lea,ves, maize stalks, and other 
refuse material, and even finc^ earth, act. most beneti- 
eially when spread thinly on the dry , semi -bare 

knobs of the tj:rass fields. While it is not advisable 
to attempt to eonserve moisture on any hlr^^ci areas 
by the use of these materials, yet full sueeess is only 
secured liy making ^ood use of the small things as 
well as thci large ones. Many an unsightly phic‘e in 
the lawn could bci improved if a few seeds werc‘ 

sown and the sod covered lightly with fine, ricli 

earth. Many a bare plac‘e in the hilly pasture could 
in like manncu* be healed, if bi‘ush wcn*e used to 

partially shade the hind and to prevent the animals 
from grazing the grass too closely. In all these 
and similar c*ases, eon.serving the moisture may give 
more satisfactory results, all things cionsiclered, than 
expensive manuring or irrigation. 

A light mulch of fine manure on mciadow land 
may not only eonserve moisture, but also furnish ac- 
ceptable plant -food. It can be readily understood 
that if pasture lands are not fully covered with 
herbage, there will be unnecessary loss of moisture 
where the bare spots occur, be they ever so small. 
Then, to secure the greatest benefit from stored 
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nioistiiro, tlio entire surfaee slioiikl 1)(‘ shaded with 
plants. If there are numerous snudl hare spots in 
the ])asture, moist ur(‘ escapes without j)assin<x tlirou^di 
tlie plants. If there are too many plants pres(‘nt, 
ther(‘ may not h(‘ (Uiou<;h moisture for t]i(‘ multi- 
tude; if so, the plants fail to maka* a normal ji^rowth, 
and are dvvarf(‘d in size and injunal in (piality. 

The herbaj^e on th(‘ uiijj;razed mowing: lands soon 
l)e(*omes tall emm^h to shade tla^ land, although tln^ 
plants are or should be less than half as numerous 
as on the pasture lands. Many ])ermam‘nt imaidows 
have too many plants ; most i)astu]*(‘s hav(i too few 
plants. It may be said tliat a nu'adow thickly seeded 
furnishes a lar‘i:(‘r p(‘r cent of h*av(‘s to stalk than 
one only moderately se(Kl(‘d. On th(‘- oth(‘r hand, it 
may be said that l(‘aves f^rown in a dense shad(i ai*(‘ 
Toor in quality, detieient in aromalie oils, and are 
less valuable than seed-stalks and bl()ssoms grown 
in the sunlight. One has but to taste an apple from 
off the low(‘r branch of a and one from th(‘ 
sunlit top, to fully appreeiat(‘ what effe(*t sunshine 
has on the quality of plants and their fnuts. In 
the pasture, no matter how thick the plants may be, 
all receive, on account of their diminutive size, suf- 
ficient sunshine, yet it is quite i)ossibl(‘ to have so 
many plants, even in the pasture, that there may be 
an undue struggle for moisture and existence. 

Mulching on a large scale with coarse manure 
and refuse material in inter -tilled crops, as berries, 
orchard trees, and the like, is not to l)e recommended, 
for it tends to obstnict tillage, encourages the growth 
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of weeds, and induces the plants to feed too near 
the surface, in which (iase they suffer from drought 
and seveiH! frcHizing wlienever tlie mulcli is I’enioved 
or has de(‘av(Ml. T\\o cost of such mulch is so giM'at, 



ri«, 24. Photograph of a cross-seftion of soil, showing tlie compacted under 
soil or sub-surface, and Iho earth-mulch ou top. 


as compared with one of earth, that it should not 
be adopted except on areas too diminufiVe for horse 
tillage. 

Moisture may also be conserved, especially on 
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light lands, by adding hiinius, or vegetabh^ matter 
to the soil, sineo it inereases capillarity and iln‘ 
moisture -storing eapaeity of the land. 

The most satisfactory and universally ap])li('abh‘ 
method of conserving moisture, however, is that of 



Fi};. 113. Photoj'vajth slitt\viii;i a of soil iir>t liin 'l nor foinjjadiMl Imlow, 


a soft earth -mnl('h. Fig. 24 rcpr(*s(‘nts a dec]) (*arth- 
mnleh resting on soil \v<'ll fined and eoiiipacted. 
Fig. 2.") shows a clayey soil freshly plowial, not eom- 
paeted or fined except at the surface. It is (‘vident 
that in tin* second case no moisture can rise liy cap- 
illarity fioni the subsoil towards the surface, and 
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it is also evident that the air may eireiilate With 
too mu(*h freedom through the plowed soil, and rob 
it of the moisture whi(di it eoutaiued when plowed. 
Fig. 25 fitly represents the eouditioii of elayey fields 
whieh are plowed dry in mid-Septemlx'r, liarrowed 
lightly, sowed to wheat or rye, and rolled. Were it 
not for the heavy rains during the fall, lands pn'pared 
in this way would give more .meager r(‘sults than 
they do. If rains come early and are almndaiit, the 
eapillary power of the soil may be i)artially restored. 

It is im possible*, to states aeeurately just how eom- 
paet the sub-surfaee soil should be, or how deep or 
how fine the surfaee, but some general rules and 
illustrations may help to guide tlie judgment when 
deriding these diflfienilt points, whieh become doubly 
diflieult when applied to various eonditions and when 
widely differing i*esults are desired. 

Light and sandy soils have l)ut feeble power to 
hold moistun^ and to furnish it to the growing 

plants. Their power to do this work is increased by 
a most thorough solidifi(‘ation of the sub -surface soil. 
As a rule, these are the soils which are solidified tln^ 
least by tillages, since they can b(i made fine and 
smooth and put in an apparently good condition 
with a minimum amount of tillage. The productive 
power of this class of lands is increased quite as 

much by frequent rollings, harrowings and tramp- 
ings as that of the more tenacious soils is. On all 
lands which do not run together when wet, no dam- 
age, but rather benefit, may be expected from fre- 

quent surface tillage. Clayey soils usually require 
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extra surface tillage to bring them into i)ro|)(‘i‘ pliys- 
ieal condition, Imt if the soil ])e dryish Wio earth- 
mnlch may be(M)me so tine, and even dusty, l)y till- 
age as to ho seriously puddled ])y dashing or long- 
continued rains, in which case the moisture will rise 
to the surface and ])e dissipated by the lieat of the 
sun. Then, too, it is possi])le, by too frecpient snr- 
fa(Hi tillage when the soil is dry, to so fim' the earth 
as to cause the soil ])ai-tieles to be held in sns- 
pejision, and they would tlnm pass downwards, and 
so till the por(‘s of the land as to arrest (^ai)illarity 
and ex(diide air, in whi(di case tln^ water would pass 
off over the surface in wet w(‘ather and the land 
crack in dry wc^ather, both of which (‘onditions are 
undesirable if moisture is to l)e stored in the soil. 
Soils containing an abundaiuM^ of humus are less 
likely to be injuriously affe(*t(*d by tlui (amditions 
mentioned above than those d(di(*ient in humus are. 

While a de(‘p earth -muhdi conserves moisture bet- 
ter than a surface one, yet in some easels the shallow 
muhdi may be most desirable, as in maize culture, 
when the plants have become large and the roots 
occupy the soil near the surface. A dei^per muhdi 
may be maintained when the deeper- rooted potatoes 
are grown. In warm climates, the roots of all jilants 
tend to form at lower depths than in cool climates. 
In sandy or semi-arid districts, the roots of plants 
tend to avoid the upper strata of the soil. Some 
plants, as bearing trees, are most fruitful if their 
growth is somewhat checked during the latter part 
of the season, and hence the earth -muh'.h should not 
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be eontiniied inta(d diirin^^ the latter part of the 
summer and fall, or the trees will have their vege- 
tative energies stimulated at the expense of fruitful- 
ness. The unfruitfulness of some orchards is due 
to over- stimulation of the vegetative system by a 
too large supply of nitrogen. Unfruitfulness may 
also come from a lack of moisture, and hence a lack 
of nourishment, at critical periods in the life of the 
tree. It will be seen how intelligent must be the 
use of the earth -nndch, manures, cover crops and the 
liberation of moisture and plant -food by systematic 
tillage^ if the highest profitable success is reached. 

From the first of July in tin? south to the middle 
of August in the north, either crimson or red clover 
may be sow(‘d to (dieck too rapid growth of orchard 
trees. This <dieck tends to make the trees de- 
velop strong, mature fruit -buds, able to resist ad- 
verse (conditions. But under certain conditions the 
nitrogen furnished by the clover, when plowed under 
the following spring, may so stimulates the vegccta- 
tive energies as to diminish fruitfulness, and the 
covering of clover or plant -mulch, which is so bene- 
ficial in most cases, may then be injurious. If trees 
give indication that this is the case, a cover crop 
of rye should be substituted for the (dover, or the 
clover may be closely pastured in the spring, before 
it is turned under. 

We have seen the danger of (X)ntinuing the 
earth-mulch too late in the season in fruit -culture, 
but the ordinary inter-tilled crops, as maize, are 
greatly benefited by preserving a mulch intact to 



Fig. 26. Late inter - tillage of maize at Cornell University, 1696. 
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as lat(i a period as possible, siiKie at tlie end of a, 
period at whieJi the iiiter-tilhal crops are '4aid by” 
they are so far ac^aneed as to preclude over- stim- 
ulation of the vcf^etative system. KSince these crops 
usually lack a fulf supply of food, and espe(‘ially a 
full supply of moisture, during the time of matur- 
ing fruit, late, frecpient, shallow tillage should be 
continued, that the plants may have a full supply 
of nourishuKait and ample trans]X)rtatioii facilities foi* 
carrying it to the reproductive organs. Fig. 2G shows 
the effects of late shallow tillage ui)on Indian corn. 

Most of the potatoes in the general market are 
insipid and und(*sirable largely l)e(*ause their normal 
growth is arrested before they are fully mature. A 
lack of foliage in the later stages of dcwelopimait, 
due sometimes to disease, but more commonly to la(‘.k 
of moisture, n^sults in small yields of inferior tubers. 

All that has been said of conserving moisture 
by suitable and timely tillage holds eipially true 
when applied to crops not inter-tilled. Much may 
be done to so compact or fine or loosen the sub- 
surface soil and prepare the surfa(‘.e soil as to liber- 
ate plant -food, form a reservoir for moisture (not 
for free water) , while securing the most desirable 
capillary action and the conservation of moisture. 
To facilitate the saving of moisture, crops such as 
grass, wheat, oats and the like, may be in part 
inter- tilled by the use of harrows having numerous 
short, small teeth. True, only a shallow mulch 
can be secured, but this is to be preferred to a 
moisture -wasting crust. 
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The depth and character of the earth -imilcli 
should be governed by the root liabits of the i)lants, 
by the species ^?rowu, by the (dimeter of the soil, 
by the cliiuate, and by a clear conception of the 
results desired. Moisture and water play such im- 
portant i)arts in the su(‘cessful (growth a-nd d(‘velop- 
nient of plants and animals as to compel the most 
l)ainstakinK (‘ffort to discover the natural laws which 
‘govern their actions and their economic use in hus- 
bandry. (This subject is furthm* dis(;ussed in Appen- 
dix B.) 



CHAPTER V. 

IRRIGATION AND DRAINAGE. 

The discussion of the means of seenrin" and 
savinj»‘ soil moisture naturally sng’g’ests the subjcads 
of irrigation and drainage. Whilst tliesc^ matters 
are too large foi* spe(nlic tn^atirient liere — and both 
of tlnmi ar(‘ soon to re(;eive special elaboration by 
other liands — a few remarks upon their general rela- 
tions to farm ’Practice may be useful. 

IRRIGATION. 

If irrigation is (‘arried on in any large way, th(‘ 
initial pi’oblems to be soIvihI belong properly to 
the civil engineer. No farmer, be he ever so well 
trained in the cultivation of plants and tillage of the 
soil, can hope to have accurate knowledge or experi- 
ence in tlie construction of large reservoirs, the 
damming of water courses, the digging of canals, 
and the equitable distribution of water among those 
who purchase it at a given rate per inch, or 
amongst the owners of the irrigating plant. Then, 
too, wherever water is stored or taken out of run- 
ning streams, serious legal questions often arise ; 
m fact, they are sometimes so serious that special 
( 120 ) 
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legislation is necessary, not only to guard tlie rights 
of those in tlie iniinediate district, but also to guard 
the rights of those living in adjoining states who 
would have a moral, if not a l(‘gal, right to tin; use 
of water which naturally flows through their lands. 

It is not the purpose at this j)la('e to go into 
any detailed discussion of the sn])j(‘(*t of iia-igation, 
but to discuss it in a general way. In the last 
few years, sonu^ interest in irrigation has l)een awak- 
eiKul in the stat(‘s lying east of I he a rid or semi- 
arid district. A few small an‘as of land in tla^ 
humid distri<‘t have b(‘en irrigated with more oi* less 
satisfactory results, and in a few i*are (/as(‘s sub- 
irrigation has been ijrmdJeed on (‘\p(‘rimental plats. 
In all distri(ds where the annual i)r(‘ei|)itation is 
fairly abundant, and is not distributed with too great 
irregularity throughout the various months of the 
year, irrigation is not likely to ])e pnudiced, (‘xeept 
on small areas devoted to (a*ops whiidi give or shoidd 
give a larg(‘ income per ‘ji<‘re. In the areas spoken 
of, where rain may conie at any time, irrigation or 
hooding of tlie land at any given time when the 
soil appears to need moistun^ may be and usually 
is just preceding a greater or less pnadpitation. If, 
then, the land be tilled with water and heavy showers 
immediately follow, the land will be supersaturated, 
and the damage done by the superabundant water, 
due to the irrigation and the rainfall combined, may 
be far greater than the loss or damage which would 
have been caused by the too dry condition of land 
had no irrigation been practiced. 
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WTierever irrigation is provided for outside of the 
arid or semi-arid distrmts, except on porous or light 
lands, full and ample sub -drainage will have to be 
provided if the highest results are obtained. The 
cost of providing the irrigating plant and of thor- 
oughly sub-draining the land combined, would be so 
great as to preclude profit, except under spe{*ial con- 
ditions and with a few special crops. Then, too, a 
large portion of the district which has a fairly abun- 
dant rainfall is composed so largely of clay that 
irrigation without the most perfectt sub -drainage 
would result in puddling the land, and making it 
difficult to secure good tillage wlnm the water of 
irrigation was withdrawn. Yet there ai*e many dis- 
tricts located near the gn^it markets whi(;h, on a{‘.- 
count of the friable nature of the soil and the high 
price of garden and some other products, lend them- 
selves most admirably to a modified system of ir- 
rigation. In many cases the market demand of the 
large cities would justify sub -irrigation on restricted 
areas. 

Wherever the practice of laying water conduits, 
from three to eight feet apart and about one foot 
deep, for sub -irrigation has been adopted, marked 
beneficial results have followed. In fact, sub -irriga- 
tion would seem to be the ideal method of provid- 
ing moisture for plants, but the cost of preparing 
and maintaining a sub -irrigating system is so great 
that it cannot come into general practice. As to 
the arid and semi -arid districts, it may be said that 
in most cases the texture and composition of the 
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soil are admirably adaphnl to irrigation, and ?t is 
largely only a matter of ample water supply, and 
its cheap transportation to and distribution in tlie 
fields, which has to be considered, for in the dis- 
trict where the rainfall is extremely light, or whi‘r(‘ 
there is no rainfall at all for thre(‘ to six months 
of the year, irrigation (*an Ix^ scmmtitically practiced: 
that is, th(^ plants (*an b(‘ snpi)Ii(Ml with tln^ rixpiisitc* 
amount of moistui’c without any dangin* of tlicir n*- 
(‘.eiving a great supei*abundance of it from unexp(‘(*tcd 
rainfall . 

As has l)cen said, in all this arid-distri('t tln^ 
problem must lie so1v(mI first by the civil engiiKHn*. 
Happily, we have men who ai*(i thoronglily (competent 
to undertake this work, and who nva intenvsted in 
the beneficial results whhdi might follow an intelli- 
gent system of water storage for irrigating purposes. 
More than this, if the water <*{in be held back at its 
sources until needed, floods will b(‘ somewhat miti- 
gated, the humidity of the ('liniate increased, and 
beneficial results will follow in many other ways. 
It is pleasant to note that the National Government 
has already provided means to hold l)ack tlui waters 
at the sources of the Mississippi, therel)y mitigating 
the floods and making the Upper Mississippi navi- 
gable at nearly all seasons of the year. 

The following facts are given to show what vast 
reservoirs may be constructed at small cost when 
the work is undertaken in an intelligent way by a 
competent engineer, like Major W. A. Jones. Five 
dams have already been constructed at a cost slightly 
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exceeding $G00,000.* ^’Iii a general way, the reser- 
voirs may be said to be located in the great lake 
region of the state of Minnesota, in the midst of 
an extensive area of wooded swamp and open mead- 
ows and marshes. Their general elevation is about 
1,290 feet above the level of tlu^ sea. There are 
thirty tlrousand lakes in this lake region, and the 
state has a water area in its own borders of many 
thousands of square miles. 

"Tlie following tabular statement, compiled from a 
larger table in the offl(‘-e of the chief of engineers 
at St. Paul, gives some interesting information as 
to the immcmse size of these reservoirs, put in con- 
densed form: 

Working height of dam Area of reservoir, Area of 


above low water, sq. miles, water shed, 

in feet. higli water. Low water. sq. miles. 

Winnibigoshish . . . 14 101. 2() 117. 1,442.4:1 

Leech Lake 0 2:i:i.80 17:i.l9 1,102.80 

Pokogama Luke. . . 9 4,').21)’ 24.13 000.23 

Pine River 17 33.70 8. 502.07 

Sandy Lake 7 10.52 33.33 421.50 


490.03 :i55.05 4,249.03 ” 

Major Jones says: ” There is no operation in en- 
gineering so fraught with importance to mankind as 
the regulation of the flow of water which results 
from rainfall. ****** Given a definite 
superficial area of land from which all surplus rain- 
fall will flow toward and into one channel, and the 
benefits which will result to the population along 

♦W. S. Harwood, Haryer’s Weekly, No. 2,090, y. 38. (Coyynght, 1897, by 
Haryer & Brothers.) 
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that ohannel from the control ot its water- flow are 
^reat and far-reaeliinf?. Here are some : 

Prevention of floods, or a redindion of their 
intensity. 

'^2. A sure supply of water for navi^mtion dnriiijj: 
the low -water season. 

"d. A more nearly uniform disti-ibntion of th(^ 
water for power purposes. 

''4. Furnishing* water for irri^jition piii'poses. 

^'5. Preventiiijjj deterioration ot* wat(‘r usi‘d for do- 
mestic purposes during low-water ptM-iods. 

'^A desert is a place where rainfall is not sufficient 
to support life. If the earth’s rainfall w(‘re uni- 
formly distributed over its snrfa(a‘, there wonld b(^ no 
desert. Each desert area is surrounded l>y a zone 
wlieni pre(npitation is snffKMent for grass and low 
bushes, but not for trees or agriculture. This is 
the border land of d(‘sert. The varying (‘ffects of eli- 
matic (dianges alternately (expand and eontraed this 
zone. It may, over an indefinite ])(‘riod of years, 
contract and absorb the des(‘rt — vide the (ir(‘at Amer- 
ican Desert— or it may expand and extend its boi*- 
ders far into the region of lands arable without irri- 
gation. There are many indications that over the 
great plains areas of the northern liemispluu’e this 
process is now going on. A careful assemblage of 
facts will doubtless show that over these great areas 
and along their wet borders th(^ lakes and streams 
have for many years past been gradually drying up. 
And, furthermore, they bear remarkable evidence of 
a time when the precipitation was far less than at 
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present. It is, therefore, a matter of j^n’avest impor- 
tanee for the people of the. United States to con- 
serve and control precipitation over and near this 
border land of desert.’^ 

There are many districts in the United Stat(\s 
which mi<?ht be treated similarly to the one de- 
scribed a})ove, with all ot* the beneticial resnlts which 
have been ennmerated. Then, too, thei*e are many 
badly fai*m(‘d arenas whi(di mi‘>-ht better be covered with 
water than farmed at a loss. Not one reservoir 
for water storaj^fe, but thousands, both large and 
small, should be constructed. When tlie s(dence of 
holding back surplus water ec'ononiically lias been 
•learned and put into praidice, and the lienefits de- 
rived fi‘om siK'li ])racti(‘.e have hem appriMuated, it 
will be an (;asy task to awaken inter(‘st in forestry. 
Reservoirs alone (‘annot entirely ari’est floods, or fur- 
nish as humid an atmosphere as is di^siri'd. They 
must be supplanted by large ar(‘as of planted or 
natural forest Ixdts. To what better use could many 
of the ro('ky, steep hillsides and poor farms, which 
have been made poorer by tillage, be put than to 
grow trees and to hold back water during periods 
of abundant precipitation? If one -fourth of the 
land,— the poorer and rougher areas,— was thrown out 
of cultivation and allowed, even by nature \s slow pro- 
cesses, to cover the nakedness of mother earth and 
our shame, the climate in time would be changed, 
present losses, which are now incurred by farming 
these lands, avoided, while posterity would reap vast 
ana enduring lienefits from our thoughtfulness, 
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DRAINAGE. 

Underj^roinul drains serve to relieve the land of 
fre(i water, whieh is very harinfnl to most plants if 
left to stagnate in the earth near the surfa<‘e. Tney 
serve not only to dry the land in early spring, but 
indireetly to warm it, for if the water is removed 
the sun’s heat warms the soil, instead of eooling it 
by (‘vai)orating the suri)lus water. If mueh of the 
free water in the springtime is carried tlirongh the 
soil by nnderdrains, then the superabundant water 
of midsummer will, in like manner, be removed. 
The rain in the spring is warmm* than the soil, and 
if it p('r(‘olates through the land to the drains, it 
parts with its heat and indire(‘tly warms the soil, 
while the rain in midsumnuu* is cooler than the soil, 
and in passing down to the drains (?ools the land. 

Umhu’drains i)revent.. the intersti(‘es of the soil 
from becoming blocked or filled with fine particles of 
earth held in suspension ; that is, they prevent pud- 
dling, to some extent. Clayey soils shrink if they 
become dry, and swell when th(\v are wet. Under- 
drains tend to prevent the swelling and closing of 
the pores which have been produced by drying. As 
soon as air is admitted to the subsoil, the dead roots 
of plants are decomposed and minute drainage -chan- 
gels are formed. One of the effects of drainage is to 
produce many small channels in the soil, which pre- 
vent the formation of large cracks that admit the air 
too freely and thereby cause excessive evaporation. 
Underdrains proipote fertility by opening up the soil 
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to the oxidizing action of the air, and by making the 
soil more comfortable for the nitrifying organisms. 

The rainfall usually contains ammonia eqwdl to 
sivv to eight pounds of nitrogen per acre. The more 
of the water that comes to the land in rains and 
snows that can be made to pass through the land in 
a reasonable time the better, for in passing thi'ough, 
the ammonia is taken u[) by the soil, tlu'. land be- 
comes better aerated and more friable, decomposition 
of organic matter is hastened, plant- food of all kinds 
is liberat(*d, and the i)roducliv(^ l)ow(n‘ of the land 
is increased in many other ways. Well -constructed 
underdrains assist in mitigating floods, increase the 
fertility of the soil, cheapen tillage, and prevent or 
mitigate some of the diseases of plants and the 
ravages of some noxious insects. 

It is evident that if the soil is broken into 
minute pa]‘ti('l(‘S by the action of underground drains, 
its power to hold moisture will be increased. If a 
draiiKHl soil is (aipablc of holding 80 per cent of 
moisture without giving off free water, it will hold 
ba(ik during wet w(Mithcr vast (piantities of water 
which would pass off of undrained land, that could 
hold but 15 per cent of moisture. Fields thor- 
oughly underdrained suffer far less from droughts 
than undrained fields, other things being equal. Sur- 
face drainage, especially of marshes and other wet 
lands, and the destruction of forests by fire and 
axe, increase floods to an alarming extent, as they 
destroy the natural reservoirs and absorbing materials 
of the land. 
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Fiy. 27. Tlio proper method of druinint: a 
liir^e liehl. 


It is not the pur- 
pose to enter into tlie 
details of snb -drain - 
a<,^(‘, l)ut the niistak(‘ 
of eonee II t ratin } 4 ’ 
water into mains and 
sub- mains when they 
mi^lit be avoided is 
so often made, that 
it seems fittin^j to 
dist'uss one phast^ of 
tlie subjeet briefly. 
Tt is the better plan 
to let eavh di’ain 
disehar^e its own 


water into the open, than to complicate matters by 


an elaborate system 
of mains and later- 
als. Fig. 27 repre- 
sents a square of 
forty acres drained 
by the parallel sys- 
tem, and Fig. 28 a 
like amount drained 
by the too common 
method. If the 
ditches are placed 
thirty feet apart in 
Pig. 27, it would 
take 58,080 feet of 



tile to drain the 


J 


Fig. 28. The common but improper method 
of draining a large field. 
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land. It would take the same number of tile to drain 
the land in Fig. 28, plus 2,G40 feet for the mains 
and sub-mains. These would have to be larger than 
the tile used in the laterals, and should be placed 
three or four inches deeper, that the water of the 
laterals may enter near the top of the mains with 
a rapid fall. Many connections would have to be 
made, and nothing would be gained ex(*.ept that fewer 
outlets would have to be cared for by the second 
than by the first system. The mains and sub- 
mains are really not drains, but are expensive con- 
duits for carrying off the water which is brought to 
the lowest laud by the laterals. 



CHAPTER VI. 

FARM MANURES. 

Formerly all substances whi(‘h were spread upon 
the land for the purpose primarily of enriehin^^: it, 
were designated as manur(‘s. Tjatterly th(‘ meanin^,^ 
of tli(^ word has ehanj^ed somewhat, and it does 
not now embrace commercial fm-tiliziu's, nor thos(^ 
substances whosci chii^f object is to improve the i)liys* 
sical condition of the soil. The term is now ai)])lied 
to the ex(‘rements of domestic* animals, mixed or 
unmixed with vcf^etable or other i*efnse material, and 
a few other substances ; only in rare (*ases are am(‘nd- 
raents, or extraneous matters, or f(‘rtilizers mixed 
with them in sufficient quantities to (dian^^e in any 
marked way the character of their (ionstituents. The 
term excrements has been substituted for the ancient 
word dung, the meaning of whi(*h was somewhat 
ambiguous. Excrements are the solid and liquid void- 
ings of animals, unrnixed with litter. The term harn 
manures has been substituted in some cases for /nm- 
yard manures, the object being to sharply distinguish 
those which are cared for and sheltered until they 
are taken to the field, from those whicdi ai*e left to 
depreciate in quantity and value by being exposed 
in the farmyard to the action of the rain and heat, 

( 131 ) 
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Farm manures is a generic term, and includes all 
kinds and classes of refuse matter, whether applied 
chiefly as an amendment, or for the plant -food con- 
tained, or for forming a mulch, or for all three pur- 
poses combined. Tlie ex(Temeiits associated with bed- 
ding or other material from different specu'S of 
animals when thrown together are called mixed ma- 
nures, while those from a single species are designa- 
ted by the name of the kind of animals which pro- 
duced them. 

GENERAL CONSIDERATIONS RESPECTING THE USE 
OF MANURES. 

Most manures are unl)alau(‘ed ; that is, they con- 
tain a relatively high percentage of potential nitro- 
gen and a low percentage of phosphoric acid and 
potash, provided the (M)m])arison is made with th(‘ 
composition of plants grown under common condi- 
tions, where mixed agriculture is largely pursu(id. 
If the comparison is made with the (ioniposition of 
plants alone, then farm manures may b(‘ said to be 
relatively low in potential nitrogen and high in phos- 
phoric acid and potash ; but this method of compar- 
ison is very misleading, for while the soil is being 
constantly enriched in nitrogen from leguminous 
plants which have immediately preceded, from those 
plants which grow with the crop with which the 
manures are compared, from potential nitrogen which 
is being constantly absorbed by moist, friable soils, 
and from that which is brought to the soil by rain, 
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the mineral matter is not being augmented from out- 
side soui’ces. It is believed that in the greater part 
of the aralde portion of the United States east of 
the dry belt, enough nitrogen from the last two 
sourees alone is secmred to supply one -third of the 
wants of the (cultivated plants. Ti‘ue, the average 
yield of farm (U’ops is only one -third of what it 
might b(c if sniKcrior tillage and und(‘rdraining wercc 
the rule instead ot the exiception, and if the el¥o]*t 
wenc abandoned of trying to raise plants on land 
and in a (dimate not well adapted to their giowth 
and higlu^st development. 

If plants are not well adapted to tli(‘ soil and 
(dimate, they are unal)hc to utilize th(^ food whi(di is 
])resent, and tend to languish, althougli tliercc may 
be not only a suffieient jdant ration, but also a w(dl- 
balaiKHcd one. (h^nsecpiently, in 1)asing the wants of 
plants on (diemi(cal analys(‘s, and i]i making (‘.ompar- 
isons l)etw(cen them and the (*onii)osition of manures, 
there is danger of being led into erroneous eomclu- 
sions. The whole subje(ct is diirncult and extremely 
eomplex, as plants differ so widely in the power of 
their roots to make soluble the mateidal in the soil, 
and also in their power to tohcrate an exeess of one 
or more of the elements of growth, or even of sub- 
stances not ne(cessary to the ])lant. It is next to im- 
possible to determine by analysis of soil and plant 
how much and what plant -food should be added to 
secure best results. Then, too, plants raised for a 
long time under superior conditions of plant -food, 
soil and climate, acquire powers not possessed by the 
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Sfiiiie spocdcH gTowii from time to time under adverse 
(ionditions. Not only may plants, like animals, ae- 
({iiire new qualities and increase those already pos- 
sessed, but they may also, in time, under favorable 
(‘onditions, be(‘,ome so fixed in their acquired powers 
that these (diara(d>(‘i*s may be transmitted with a good 
degree of certainty ; that is, they become thorough- 
])r(‘d, in the l)est sens(i of the word. 

Plants vary greatly in their root systems and leaf 
stru(4iirt^, and hence in their power to secmre the 
n(‘(H‘ssary elements from the soil and from the atmos- 
phere. Some thrive best with a minimum, others 
with a maximum amount of moisture ; some do best 
on i) 0 ()r soils, and others will thrive only when there 
is an abundance of easily available food. To feed 
plants understandingly is not only (ixtremely diflicult, 
but sonudimes impossibhv, therefore, a most (ireful 
study of the wants of plants from iho scientific and 
chemical standpoint may not give the information 
desired, unless made in connection with close obser- 
vations of the behavior of the plant throughout its 
entire period of germination, growth and fru(‘4ifica- 
tion. Notwithstanding all this, if the investigator 
begins to question the soil with a knowledge of the 
composition of the crops to be raised and the ma- 
nures applied, he is far more likely to obtain true 
answers to his questions than if he were to trust 
entirely to science on the one hand, or to visible, 
external results on the other.* 

♦ For a sketch of the methods which the farmer may pursue to determine 
what plant-foods he may use to best advautage, see Caldwell, Bull. 129, Cornell 
Exp. Sta. 
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To show more clearly the need of care in draw- 
ing conelusions, the following examples are given : 

Wheat, with its accompanying straw and chaff, 
uses, approximately, for every 100 pounds of nitrogen, 
88 pounds of phosphoric aidd and 68 pounds of pot- 
ash. Unleaclied horse manun^, if applied in sufficient 
(|uantiti(‘s (supposing that all the plant-food it (‘on- 
tains is availahhO to furnish 100 pounds of nitrogen, 
would, at the sanuj time, furnish 58 pounds of phos- 
phoric a(‘id and 189 pounds of potash ; or an (^x(‘ess 
above the requirements of the plant of 25 pounds of 
phosphoric acid and 76 pounds of potash. When 
the problem is reduced to practice, it is found that 
notwithstanding there seems to be an excess of phos- 
plioric acid and potash as compar(‘d with nitrogen, 
the wheat may still be unable to form straw firm 
enough to resist rust or stiff enough to carry it 
safely to the harvest period. Or in other words, while 
the comparison from the chemical standpoint shows 
that there is an excess of phosphoric^ acid and potash 
in the liorscj manure, as compared with the compo- 
sition of wheat, the plant shows by its soft texture, 
tendency to rust and inability to stand up and fruit 
bountifully, that it is gorged with nitrogen. This 
would seem to show that ordinary soils under rota- 
tion receive large amounts of nitrogen from sources 
outside of the manures, often quite, as large as plants 
which are sensitive to nitrogen (as oats, for example) 
can use, and still remain strong and healthy. 

If the average composition of manure, as found 
in a large number of experiments made at the 
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Coi*n(‘ll University Station with 125 animals (cows, 
('alves, pigs, horses and sheep), is eoinpared with 
the eompositioii of Indian corn, allowing that tlu^ 
stalk is to the grain as three to one, and with some 
other leading crops, the following results are reached: 


I’hos. acid. Potash. 


Mixed nianuro contains, for every 100 

lbs. nitrogen 49.6 lbs. 77.8 lbs. 

Maizo (whole plant) contains, for 

every 100 lbs. nitrogen 92. “ 100. “ 

Oats, 1% straw to 1 j?rain, contain, 

for every 100 lbs nitro^,^<*n 37.9 “ 82.6 “ 

Barley, 11-^ straw to 1 grain, contains, 

for every 100 lbs. nitrogen 91.9 “ 98,7 “ 

Mangolds, H tops to 1 roots, contain, 

for every 100 lbs. nitrogen 45. “ 180. “ 

Potatoes, M tops to 1 tubers, contain, 
for every lOO lbs. nitrogen 27. “ 110. “ 


The above shows that for every 100 pounds of 
nitrog(‘u Avhitdi the manure furnishes, there is an 
excess of 17. G pounds of phosplioric acid and a de- 
fitdeiiey of 22.2 pounds of ])otash, when compared 
with the composition of maize. All of the plants 
mentioned require a less proportion of phosphoric 
acid than would be furnished by the manure, and 
without any exe.eption they all require a greater pro- 
portion of potash, as compared with the nitrogen, 
than the manure would supply. 

Most good farms are kept in a productive condi- 
tion by the aid of rotation and manures, with an 
()(H;asional light application of commercial fertilizers 
to the cereals. The table above would seem to indi- 
cate that both nitrogen and potash should be applied 
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in excess of the phosphoric acid ; yet, in practice, 
fertilizers containiii<^ a relatively high percentage of 
phosphoric acid and a low percentage of nitrogen, as 
compared with the composition of the cereals, are 
almost invariably used. Tn fact, in many cases, as 
in the growing of barley and wlnnit, the best finan- 
cial results are often reached by the application of 
]}hosphoric acid alone. No fa(ds are at hand to show 
whether, in manures, a greater percentage of one of 
these elements over the other two is available. We 
know only that a part of the nitrogen furnished by 
the manurci may escape l>y leacdiing, but it is very 
possible that, on a(ua)unt of chemical changes or 
bad tillage, tlui phospliorie a.cid whi(di the manui*(^ con- 
tains is not as available as the potash or tlie nitrogen. 
It is certain that when land is treated to su])(U’i()r 
surface tillage, (^sp(‘cially during the warnua’ months, 
large amounts of nitrogen are set fr(‘e, — so large, in 
fact, that in some cas(‘s the plants are injunnl by 
the excess. This would seem to indicate that much 
of the potential nitrogen in the soil is always in such 
forms, under ordinary tillage, as to be useless to the 
plant, and that extra tillage may give more econom- 
ical results than the application of nitrogenous fi^rtil- 
izers would. 

All of the discussion so far is applicable to most 
of those localities where grasses, clover and the 
cereals are raised in shorter or longer rotation, but 
as soon as the dry districts, or a warm climate and 
more sandy soil are reached, the conditions are so 
changed that radically different practices of tillage 



138 


The Fertility of the Land. 


and manuring should l)e folio w(h 1. In the (iotton 
l)elt, which extends over a wide area and embraces a 
variety of soils, climates and elevations, no methods 
of manuring can be uniformly recommended. On 
the lighter htids kept constantly under the plow, 
nitrogen is lamentably defi(rient. Farm manures in 
that section are never to be had in large (juantities, 
and are often entirely wanting. A di’(‘ssing of cot- 
ton-seed meal, which contains between f) and 7 pei* 
cent of nitrogen, usually produces good results. In 
all th(i southern (‘ountry a much larger use should 
be made of cover crops and leguminous plants, such 
as the cow pea, for a four -fold bem^fit to the soil 
would be secured, — added humus, an increase in nitrog- 
enous compounds, liberation of mineral matter 
through the action of plant roots, and the bringing 
from the subsoil to the surface soil of plant -food 
which is now beyond the reach of the roots of some 
of the ordinary crops, such as the (‘cri^als. 

On the fertile prairies west of the 99th meridian, 
the problem is not one of plant -food, but how' to 
furnish moisture, and, consequently, a discussion of 
fertility as applied to one-third of the United States 
is superfluous until some means has been found for 
securing and utilizing the vast stores of plant- 
foods already in the soil, most of which are made 
easily available whenever and wherever the plants are 
supplied with moisture, — that universal vehicle for 
carrying animal and vegetable nutrition* both into 
and out of circulation. 

From what has been said it will be possible to 
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draw some general conclusions respecting the manur- 
ing of the land : 

(1) That while farm manures are almost always 
valuable in improving the physical ('ondition of the 
land and augmenting its power to Hbld moisture, 
and ill helping in various ways to make available the 
dormant energy already in the soil, yet they con- 
ti'ibute only one factor — sometinu's a very small one 
—in determining the quality, quantity and value of 
a crop. Tlnur true value depends not only on the 
(iomposition but quite as mmdi on the ability of 
the husbandman to associate otlier factors with them, 
which, taken togetlKU’, lead to tlic highest su(^(a‘ss. 

(2) That while most soils contain a sui’plus of 
plant -food over and above the wants of the crop 
in any one season, yet the question of highest 
economic results as lietween tillage and addinl ])lant- 
food can be deterinin(‘d only by experiment. 

(8) That increased tillage, and the application of 
farm manures and other forms of plant -food, may 
largely fail of their objeiit if the plants grown are 
not suitable to the climate, or have not the inbred 
power to make the best use of their improved en- 
vironment. 

(4) That the knowledge of the composition of 
the plant sometimes gives no indication of what 
plant -food should be added to the land to secure 
the most satisfactory results ; for example, clover 
contains a liigh percentage of potential nitrogen, 
yet thrives well on land deficient in it. 

(5) That an ordinary analysis of soil gives little 
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indication as to the availability of the elements 
which it contains. 

(6) That having mastered the sciences which un- 
derlie agriculture, and having learned how to apply 
them to th(i growth of one or more kinds of plants 
in any particuilai* locality, and how best to make 
soil fertility available, and how to select plants and 
apply fertilizers and manures, still all this knowl- 
edge may be of little e(‘nnomi(i value if the one 
great factor of moisture is lost sight of. 

(7) That it is far easier to start with only a 
few known facts, even without a knowledge of how 
))est to use them, in the endeavor to determine the 
l)est practi(U‘, than to ignore these fundamental facts 
and to endeavor to discover everything by experi- 
ment. 

(8) That in no case should the fact that many 
soils contain vast stores of plant -food lead to wastes 
or (‘arelessness in the management of the manurial 
products of the farm, for, except on lauds which are 
recuperated by overdo w or irrigation, natural or arti- 
ficial, the time is never far distant when even the 
richest land will fail to give maximum results, if 
unassisted. 

(9) That all home resources of fertility should 
be fully utilized before resort is had to purchased 
plant -food. 

(10) That timeliness, adaptation, thoroughness, 
economy in the use of energy, and good judgment 
in the management of details— that is, farm-prac- 
tice— play such important parts in modern agricul- 
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ture that they may be considered to be equal, if 
not superior, to the facts revealed by chemistry, 
botany, and allied sciences. Knowledge and the ap- 
plication of it should not be divorced, l)ut joined 
so firmly by intelligent thought and action that the 
twain become one. 

FACTORS WHICH DETERMINE THE QUALITY OF 
FARM MANURES. 

Manures vary greatly in th(*ir chemicail composi- 
tion and also in their bemdicial elfe(‘ts. Thes(^ varia- 
tions are due to many (*auses. 

Young animals digest their food more (dos(dy than 
old ones do. Very young mammals ar(‘ usually fed on 
milk, all of whi(di is la^lieved to be digestible, 
while the constitmmts of the food of mature animals 
are never wholly digested or assimilated. Then, too, 
in the young, growing animal, all of the (amstituents 
of its food are wanted for growth and development, 
while the mature one has its strmdure fully com- 
pleted, and re(|uires food only for maintenance and 
for surplus product, as increase in weight or prodm*- 
tion of milk. As the digestive and assimilative 
powers are more active in young than in old ani- 
mals, the excrements of the former contain less of tlu' 
manurial elements found in the food consumed than 
those of the latter. Young animals change vegetable 
into animal products more economically than old 
ones, and hence they are likely to give more pounds 
increase in weight for a given number of units of 
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food, but the resulting exeremeiits are less valuable 
than those from mature animals are. 

Species of animals vary as plants do in their 
power to live on (coarse, unconcentrated or tough 
food, and it is believed that thoy vary in their powers 
of digestion and assimilation, though no extended and 
exact experiments have ])ecn made in this direction. 
The question is frequently asked, if slieep make a 
better use of their food than cattle or horses; that is, 
if a ton of hay and a ton of corn be fed to sheep, 
and the same amounts to cattle and horses, all mature 
and under conditions as nearly similar as possible, 
which specdes will assimilate the gn^atest percentage 
of its food, and whicdi will give tlie greatest manurial 
value in its excrements ! The hay and maize being 
the same in quantity and quality, in either case 
the amount of fertilizing elements in the solid excre- 
ments would determine the relative powers of, the 
species to assimilate food. 

The uses to which animals are put frequently 
modify in a marked degree the value of their excre- 
ments. Those which reproduce and rear young make 
poorer excrements than do those of like species under 
similar conditions which are not bearing young. Ani- 
mals giving milk produce poorer excrements than 
those which are not in milk, when placed under 
like conditions. In other words, animals which are 
put to laborious work for many hours per day re- 
quire a wide (or carbonaceous) ration, if they are to 
be well sustained in energy, and prevented from using 
expensive nitrogenous compounds in its production; 
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while animals kept for speed, and those whicli are 
required to do very severe work for only short 
periods, are most satisfactorily sustained on a narrower 
(or nitrogenous) ration. 

Mature animals which are non-productive and are 
not increasing in weight return sooner or later 
nearly all of the manurial constitmmts of their food in 
their excrements (manifestly all cannot be returned, 
as dead particles of skin and hair are thrown off), 
while only one-half to two-thirds is returned by 
young and rapidly growing ones. Cows in full milk 
return in their excrements only about 65 to 75 per 
cent, while fattening animals return 85 to 90 per 
cent of the fertilizing elements of tluur food. 

The unscientific read(U’ may not fully understand 
how animals can live, in(u*ease in weight and grow 
fat, and yet return to the manure pile nearly all of 
the valuable fertilizing constituents which their food 
contained. Given a suitable ration, the animal first 
of all uses the carbonaceous or heat -producing ma- 
terials for maintaining normal temperature, and if not 
enough is available it uses nitrogenous compounds, 
and lacking in this, it draws on the stored fat in 
the system. Substituting the fats of the animal, or 
nitrogenous compounds, for the less expensive c.ar- 
bonaceous heat -producers of cattle foods, is usually 
poor economy. After the animal heat is supplied, 
the balance of carbonaceous matter may be trans- 
formed into energy required for the activities of 
life and work. The surplus may be transformed 
into products of commercial value, The proteids may 
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also give (*ommereial products, or be stored in the sys- 
tem, and finally pass off in excrement. 

While vegetable carbonaceous matter is decompos- 
ing or slowly oxidizing, it may improve the physical 
condition of the soil, and act beneficially in other 
ways. About one-half of the dry weight of plants 
is carbon. Carbona(‘-(‘ous matter may be used to im- 
prove the soil, but plants grow in earth in which it 
is entirely wanting. Therefore, the carbonaceous 
matter in foods may be used by the animal for the 
production of heat and energy, or transformed into 
salable carbonaceous produces, without reducing the 
fertilizing value of the excrements. The albuminoids, 
or proteids, i. c., potential nitrogen, are used by the 
animal for building and nourishing the flesh, tendons 
and the like, and when they have been in tlie sys- 
tem for a time and have become old, they are thrown 
off, chiefly through the urinary organs, in somewhat 
changed forms, and ar(‘ n^placed by fresh albumin- 
oids taken from the food ; so that if the animals 
are not gaining in weight or not making a sur- 
plus product, they not only return in their voidings 
nearly all of the nitrogenous compounds, but also 
the phosphoric acid and potash whicli their rations 
contained. It will seen what a pi’Qininent part 
domestic animals may be made to ])lay in maintain- 
ing the fertility of the land. 

Heat and muscular power are forms of force or 
energy. The energy is developed as the food is con- 
sumed in the body. The unit commonly used in this 
measurement is the calory, the amount of heat which 
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would raise the temperature of a pound of water 
4° F. The following? general estimate has been made 
for the average amount of potential energy in one 
pound of each of the classes of nutriments:* 

Calorios. 


In 1 pound of protein 1,8(50 

In 1 pound of fats 4,220 

Tn 1 pound of carbohydrates 1,8(50 


It is estimated that one unit of digestible fat is 
etpial to a little over two units of albuminoids (pro- 
teids) for the production of h(‘at. A narrow ration is 
usually more expensive than a wide om^, as dig(^stiblc 
proteids cost twi(‘.e per unit more than carbohydrati^s, 
while the former does not produce heat as satisfac- 
torily as the latter. 

In some parts of the United States, cattle foods 
containing an unusually high percentage of albumi- 
noids are frexpiently used in excess, l)e(muse of tlnar 
low price and the high value of the excreiiKaits of the 
animals which (consume them. An extrenndy narrow 
ration may sometimes be economi(‘al, but it is always 
dangerous, as it tends to overload the kidneys and 
disturb the normal action of the urinary organs. 

The kinds of food consumed modify the composi- 
tion and value of the resulting excrements. If a 
ration containing a suffi(*ient supply of carbohydrates 
heat- producers '0 and a superabundance of proteids 
flesh- producers is fed, the excrements will be 
more valuable and contain a larger relative percent- 

♦ Yearbook of the Department of \griculture, 1894, p. 547. Appendix by 
W. 0. Atwater. 

K 
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age of potential nitrogen than they would if the 
ration contained only a sulTiciency of flesh -formers 
and a superabundaiu'.e of heat -producers. Animals 
which are giving milk produce poorer excrements 
when fed easily digested rations than when fed those 
which are less digestible. Animals liberally fed pro- 
duce richer excrements than those which are underfed. 

The individuality of the animal may modify the 
character of the ex(?rements in a marked d(^gree, as 
some animals possess greater powers to transform 
their food into surplus products than others. The 
greater this power, the more valuable the animal 
and the less valuable the exc.rement. 

The amount of water consumed also modifies the 
value of the manure per ton. Rations which con- 
tain a relatively high percentage of albuminoids call 
for larger consumption of water than wide or car- 
bonaceous ones do. Hence a li])eral supply of albu- 
minoids tends to make the solid ex(trements watery, 
and while an excessive consumption of water may 
increase the total weight of excrements, it diminishes 
the percentage of their valuable constituents. 

The quantity of bedding used affects the quality 
of the manures. If the bcidding is poorer than the 
excrement, as is usually the case, the more bedding 
used the lower will be the percentage of manurial 
value. The bedding may not only promote the com- 
fort of the animal, but it may also conserve excre- 
ments, and therefore manures containing a moderate 
amount of straw or other absorbents may be as rich 
in the end as those containing a small amount or 
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none, for in the latter e.ase th(^ ex(*reinents may lose 
some of their valuable constituents for want of being 
mixed with absorbents. 

Manure is also affecded by tlie kind of bedding 
used. Pine straw is believed to seriously injure it, 
while pine shavings and sawdust, when used in 
moderate quantities and applied in the right way, 
are belicwed not to be injurious; but if used liber- 
ally, and the manure is placed on light soils in 
large quantiti(‘s and plowed umh^r, serious damage 
may be produ(‘,ed during droughts. No careful and 
long- continued experiments have yet becm made to 
determine the exbmt or the real cause of this injury, 
but observation leads to th('. conclusion tliat the ex- 
crements of animals mixed with sliavings not so 
available to plants as when mixed with straw. It 
would naturally be inferred that the turi)entine and 
other antiseptic (iompounds found in som(‘. kinds of 
sawdust and shavings, and espindally in pim^ straw, 
would seriously arrest decomposition, whi(*h action may 
be undesirable. Decomposition, if kept within proper 
limits, is desirable, for tla^ more thoroughly the 
organic material of manures is broken down the more 
available their (*onstituents become. Manures contain- 
ing large amounts of sawdust and shavings, if 
kept moist, and prevented from heating until they 
are thoroughly broken down, lose all of their dele- 
terious characteristics. Manures containing liberal 
quantities of dry bedding (which decomposes slowly) 
serve their best purpose when spread evenly over 
grass lands in the fall. Thus distributed, they act as 
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a mulch, fertilizer, conserver of moisture, and j^ive pro- 
tection to the roots of plants. 

Even mixed manures, (‘()m])osed partly of straw 
bedding, may do injury, especially in a dry time, if 
applied in liberal quantities and ])l()wed under, since 
they break th(‘ (*apillai*y connection betwcMm the sur- 
face soil and subsoil, thus causing the surface soil to 
become di*ier than it would had the coarse manures 
not prevented tlui moisture from passiiijj: upwards 
toward the surfac(^ Kinj^,* in three years’ experi- 
ment with barn manures, found ^'That for manured 
fallow "round the snrfa(‘e foot contaiiuHl 18.75 tons 
more water per acre than adjacent and similar but 
unmatiured land did, wlule the second foot contaiiKHl 
9,28 tons and the third G.JkS tons more water, mak- 
iii" a total diff(‘ren(*e in favor of the maiuu’ed ground 
amounting to 84.41 tons per acre. The largest ob- 
served differ(‘nc(‘ was 72.04 tons in the dry season 
of 1891. Eai'ly in tln^ spring, on ground manured 
the year before and fallow, there was an obs(nwed 
dif¥eren(*e amounting to 31.58 tons per acre. * * 

* * Wetting the surface of sand with water 
leached from manure reduced the rate of evapora- 
tion from the surface from 64.98 pounds per unit 
area to 32.72 pounds in the same time, under other- 
wise identical conditions.’^ 


*»The Soil,” pp. 2«9-290. 



CHAPTER Vn. 


MANURES PRODUCED BY VARIOUS ANIMALS, 

The amounts and values of the exerements, 
mixed or nnmixed with bedding?, whi(^h are prodm-ed 
by different classes of farm animals in ^^iven lenjjths 
of time wh(‘n fed on varied amounts and kinds of 
food, have been determined so oftmi and with sneh 
painstaking mMmraey that full n^lianc'e can be pla(;ed 
on the results. While it is triu' that the threes ele- 
ments of chief value in mannr(\s and animal ex- 
crements,— nitrogen, phosphoric a<*id and potash,— are 
not so available as they ar(‘ in skilfully manufactured 
commercial fertilizers, yet they are usually (computed 
at commei’cJal prices, for there should be some conven- 
ient and uniform standard ui)ou whi(di to base com- 
parisons and with which to make cahmlations. On 
the other hand, manures furnish available humus, 
and a mulch if they are spread upon the surface, and 
they also tend to increase the water -holding power 
of the soil, and to improve its texture or physical 
condition. In many cases it is believed that these 
benefits are a full equivalent for the less soluble 
character of the fertilizing constituents of manures as 
compared with commercial fertilizers. When the soil 
has a reasonable amount of easily available plant- 

( 149 ) 
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food, it is probable that such may be the case, but 
the ultimate welfare of plants depends so mueh on 
a healthy, vij^orous start and abundant root devel- 
opment, that the more quickly- acting commercial 
fertilizers may be more valuable than the slower- 
acting farm manures, whenever tlie land is deficient 
in readily available plant -food. Careful observations 
and experiments only can determine the relative 
values of the constituents found in fertilizers and 
manures. The final prodmdive value, as evidenced 
in the harvest, d(qxuids so mu(*h on the vskill of the 
farmer, on climate, (diaracter of the plant, and rain- 
fall, that it can never be certainly predicted whether 
profit or loss will result in the pui’chase and appli- 
cation of nitrogen, potash and phosphoric acid in any 
form. One thing is (pertain, that the careful hus- 
banding of farm manures, and tln^ application of 
them in reasonable quantities in almost any form, re- 
sult in improved fertility and increased profits in 
the final outcome. 

In the computations of the value of manures and 
fertilizers, the question must constantly arise in the 
mind of the reader, "If phosphoric acid and potash 
are worth 7 and 4.5 cents per pound respectively, is 
the nitrogen worth 15 cents per pound T' If it is 
secured in the usual commercial form, it cannot be 
purchased for much less. If the land is deficient in 
mineral plant -food, such cannot be augmented without 
transporting it to the field in some form or other. 
True, it can be made more available by tillage and 
other means. With nitrogen, however, it is different, 
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for positive additions eau be made to the soil by tlie 
use of leguminous plants; and this, too, with little 
added (‘ost, as elovei* and similar plants furnisli for- 
aj^e of value (Mpial to the cost of tlieir production, 
whihi the nitrogen in the roots and stubble augments 
the store of it wliich was in the soil before the clover 
was grown. Nitrogcm can be secured qui(*kly and 
cheaply by purchasing and feeding food (‘ontaining 
a high percentages of albuminoids. Then, too, there 
may be a profit in feeding tlie animals, and if so, 
the value of the manures prodinnsd is an additional 
profit; or it may be considered that tlie manures are 
secured at no cost but the liauling and distributing. 

The forc'going disemssion leads to tlie conclusion 
that undesr some (‘ircumstances, nitrogen is not worth 
to the farmer its cost price of 15 cents per pound, 
and that it is usually better for the farmer to 
secure it through leguminous jilants and manures 
from animals fed a fairly narrow ration, than to 
pay even 10 cents per pound for it in commercial 
forms; so it is the opinion of the author that all of 
the tables of values given in the foregoing and suc- 
ceeding chapters should be amended to correspond 
with local conditions and needs. 

Tables are published which give estimated trade 
values for fertilizers, but they are no more accurate, 
when reduced to aidual value as secured by the 
farmer, than estimated values for farm manures are. 

In some towns stable manure is given away, in 
others it may -be sold for a dollar a load. In the 
production of some special crops, the gardener may 
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be willing to pay even more than 15 cents per 
pound for nitrogen, if he is not able to get it for 
less, rather than to do without it. 

A DISCUSSION OP THE MANURE OF CATTLE. 

At the ('ornell Experiment Station* the manure 
produced in twenty -four hours by eighteen Jersey 
and Holstein grade cows in full milk was weighed 
and analyzed. The following tables set forth the 
detailed results, t and also the amounts and kinds of 
food used. Tlu^ regular wintcu’ rations for a day 
were fed, as follows: 


Mixed 1 lay 114 lbs. 

Maize ensila;>:e 893 “ 

Mangolds ISO “ 

Mixed food 154 “ 


The mixed food was composed of 12 parts of 
wheat bran, 9 parts cotton -seed meal, 3 parts maize 
meal and 1 part malt sprouts, by weight, fed twice 
a day. 

TABLE XI. 

Re.HuUs of the feeding. 


Weight of 18 cows, 20,380 lbs. 

18 cows for 

1 day. 

Average per 
cow per day. 

Food consumed 

.. 1,:U7. lbs. 

75. lbs. 

Water drunk 

.. 870. 

49. 

Total excretion 

.. 1,452.5 “ 

81. 

Nitrof^en 

7.35 “ 

.41 “ 

Phosphoric acid 

5.01 “ 

.28 

Pota.sh 

7.40 “ 

.41 “ 


*Bull. 27, Cornell Exp. Sta., May, 1891. 

tNitroycu is here and elsewhere computed, unless otherwise specified, at 15 
cents, phosphoric acid at 7 cents, and potash at 4^2 cents per pound. 
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TABLE XI.- 

• CONTINUED. 


Weight of 18 cows, ‘20,:{80 lbs. 

18 cows for 

Average per 

1 day. 

cow per day. 

Value of nitrogen 

$1.10 

$0.00 

Value of phosphoric acid 

.35 

.02 

Value of potash 

.33 

.02 


$1.78 

$0.10 


TABLE XII. 

Percentat/e composition of the excrement. 

Per eeiit. 


Nitrogen 51 

Phosphoric acid :i5 

Potasli 51 


Computed value ]>er ton, $2.40. 

A few days after the aliove investij^ation, a second 
one was made with four (^ows for tw(‘nty-four hours, 
in full milk, under similar conditions: 

TABLE XIII. 

Feeding a nd ma n u re - 0 ro.^s Jigu res 

Food per cow, per day 

Water “ “ 

Excrements per cow, per day 

Total solid excrements, for four cows 

Total liquid “ “ “ “ 

Composition. 

Solids, i Liquids, Mixed, i 


Nitrogen 20 1.32 .49 

Phosphoric acid 28 .22 

Potash 20 1. .38 


Value per ton, $2.08. 

The amounts of the fertilizinf^ 
forth in the following table: 


Lbs. 

70 

40 

82 

255 


materials are set 
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TABLE XIV. 


Experiment with four cows, one day. 



, — Solid — > 

/ — Liquid — * 

, Both . 

Daily av. 
val. per 


lbs. value. 

lbs. value. 

lbs. value. 

cow. 

Nitrogen 

.()5 $0.10 

.95 $0.14 

1.00 $0.24 

$0.00 

Phosphoric acid . . 

.71 

.05* 


.71 .05 

.01+ 

Potash 

.50 

.02 

.72 .05 

1.22 .05 

.01+ 


1.80 

.17 

1.07 .17 

3.53 .34 

.085 


Investigations in 1883 and 1884t with three cows 
three days gave th(^ following results (the average 
weight of the cows being 1,192 lbs.): 

TABLE XV. 

Gross figures of experiment with three cows three days. 

lbs. 


Clover hay coiLsumed 122 

Cut maize stalks cronsumed 41 

Cotton- seed meal “ 45 

Malt sprouts consumed 42 

Maize meal “ 42 

Milk produced 285 

Manure, including 45 lbs. cut maize stalk bedding 802 


The food contained nitrogen, phosphoric acid and 
potash estimated at $1.60. The manure was not 
analyzed, but, allowing that it (tontaiiied 60 per cent 
of the fertilizing material in the rations, the estimated 
value would be, for the three days, $0.96 or $0.10% 
per cow per day. 

The entire product of manure at Cornell in 
1883-4 was kept in a covered barnyard. The accu- 
mulated mixed and trampled manure of cattle and 


♦There was only a trace of phosphoric acid in the urine. 
tThird Report Cornell Exp. Sta., 1885. 
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horses was about two feet thick. A large number of 
samples were taken at various depths, chopped fine, 
mixed and analyzed, with the following results: 


TABLE XVI. 


Manure from a covered yard. 


Moisture 

Nitrogen 

Phosphoric, acid 

Potash 

Value per ton, $:hGl. 


Per cent. 

. 72.95 

. .78 at $0.15 

. .40 at .07 

. .84 at .0425 


During the winter, 311 double -box wagon loads 
were prodinted. Every tentli load was weighed. 
The loads averaged, in round numbers, 3,000 pounds 
each. The winter^ s output of manure, therefore, was 
about 466 tons. These results were so astonishing, 
and the data so imperfeiit, that tlie following year 
the number and kinds of animals, the time em- 
braced in the investigation, and the weight of the 
manure, were all c.arefully noted. 

From October 1, 1884 to March 2, 1885, 199.25 
tons of manure were produced at Cornell by a herd 
of 12 spring calves, 7 winter calves, 1 bull, 24 cows, 
12 horses and 1 colt, 57 animals in all. Allowing 
that the 20 young animals were equal to 10 adults, 
there would be the equivalent of 47 full grown ani- 
mals. Each load of manure was weighed, sampled 
and prepared for the chemist, as described above. 
The numerical results are as follows: 



156 


The Fertilitif of the Land. 


TAHI.K XVII. 

Composition and computed iudties of samples. 


Moisture 75.57 per cent. 

Nitrogen G8 “ “ 

Phosphoric acid 29 “ “ 

Potash ,70 “ “ 

Nitrogen at 15 cents $2.04 per ton. 

Pliosphoric acid at 7 cents 41 “ “ 

Potash at 434 cents GO “ “ 


$5.05 


For the 150 days $G07.71 

Per cow per day ,0862 


The following table from Morton’s Cyelopoedia of 
Agriculture, Volume II., gives the average production 
of manure in several experiments, but the average 
weight and age of the animals are not given, and in 
some cases the food of the animals was succulent, in 
others air dried: 


TABLE XVIII. 

Comparative amounts of excrements. 


Solids. Liquids. 

A horse, annual 12,000 lbs. 3,000 lbs. 

A cow, annual 20,000 “ 8,000 “ 

A sheep, annual 7G0 380 “ 

A pig, annual 1,800 “ 1,200 “ 


In order to present a more detailed view of the 
quantity, composition and estimated value of farm 
manures which are made under various conditions and 
in divers places, the following figures are transcribed 
from various sources; 
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TABLE XIX. 

Manut'e from cattle fed excluHivelif upon the. waste 
from a cottonseed oil mill. 

(Bull. No. 1, Vol. U., Tennessoo Exp. Sta.) 

Por pejit. Por ton. 

Moisture 77.50 

Nitrogen 5:5 :it 15 cents, $1.50 

Phosphoric, acid 22 ‘‘7 “ ..'ll 

Potash :iG “ 4.5 ‘‘ ..T2 

$ 2.22 


TABLE XX. 

A 4-year-old Jersey in milk, for nine ditys produced 14.8!) Ihs. of milk 
and the. followiny annuoit.s of excrements per day. 

(Annual report for 1891, N. V. Exp. Sta.) 


Solids 40.5 lbs. 

Liquids 21. “ 

Total per day 70.5 “ 


TABLE XXI. 

Value of manure, from six cow.^. 


(Same as above.) 

Average weight of animals 020.8 lbs. 

“ “ “ solid excrement 42. “ 

Value per ton of solid excrements of each animal. 

Jem and Meg 

“ “ “ 2d trial 1.38 

Nellie 1.84 

Spot 1..3o 

Broad 2.64 

Whitey 2.11 


Average $1.77 



158 


The Fertility of the Land, 


TABLE XXI. -CONTINUED. 
IJriue per day. 


Jem 15.9 lbs. 

Meg 15.4 “ 

Flora 21. “ 

Spot 8.9 “ 

Star 0.9 “ 

Broad 17.9 “ 

Nellie 20.5 “ 


Average 15.2 “ 


No analysis of the urine is given, but it is stated 
to have been even more valuable than the solids. 


TABLE XXII. 

Mixed manure, youny cattle and a few horses. 

(Report for 1889. (kmn. ?lxp. Sta.) 

Per cent. Per ton 

Moisture 77.08 

Nitrogen .5!! at 15 cents, $1..59 

Phosphoric acid 54 “ 7 “ .48 

Potash 71 “ 4.5 “ .64 


$2.71 


TABLE XXIIl. 

Mature cows liberally fed, producing a fair amount of milk 
all stages of gestation. 

(Same as above.) 

Per cent. Lbs. per ton. 


Moisture 71.69 

Nitrogen 43 8.6 at 15 cents, $1.29 

Phosphoric acid 3 6. ‘‘ 7 .43 

Potash 48 9.6 4.5 “ .43 



•Composition of Various Manures. 1511 

TABLE XXIV. 

Old yard manure from youny caUh fed hay in yard. Well rolled, 
ira.^hed manare, wei{iht and hulk reduced by exposure. 

(Same as above.) 

Per cent. Lbs. per ton. 


Moisture .54.7 

Nitrogen 4b 0.2 at 1.5 cents, $1.28 

Phospborio acid 72 14.4^' 7 ‘‘ 1.0(1 

Potash II) :i.2 “ 4. .5 “ .U 



TAHI.E XXV. 

AmonnI of milk and of solid and liquid excrenienls produced by a 
herd of 12 cows for one year, compuled by weit/hinij Ihe amounls 
of sol id. s and Uquid.s for one day in each month. 

(Ayr. Colle«e, Deninarli, 1889-02, Tkblskr. Landlikon. 12, IHOO.) 

lji)s. per cow per yefir. 


Milk 7,510 

Solid excrements 18,422 

Urine 0,454 


Composilion of urine. 

Per cent. Per ton. 

Nitrogen 1.187 at 15 cents, $2. 50 

Phosphoric acid 021 “ 7 “ .02 

Potash 1.272 “ 4.5 “ 1.14 

$4.72 

Per cow per year 15.20 

Urine of entire herd per year $182.12 

TABLE XXVI. 

Manure from milch cow.h. 

(Report for 1890, Conn. Exp. Sta.) 

Per cent. Lbs. per ton. 


Moisture 82.42 

Nitrogen 42 8.4 at 15 cents, $1.20 

Phosphoric acid 204 4.08 “ 7 “ .29 

Potash 3 6. “ 4.5 “ .27 


$ 1.82 
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This manure (Table XXVI.) was kept elosely 
packed in a manure house havin^^ a cement floor. 

TABLE XXVII. 

Fresh cow manure. 

(S. W. Johnson.) 

Per coni . Ll)s. per ton. 


Moisture So.J 

Nitrof-cen .38 7.1) nt 15 cents, $1.U 

Phosphoric acid 10 .'{.2 “ 7 “ .22 

Pota.sh :m 7.2 “4.5 “ .:{2 


$1.08 

TABLE XXVIII. 

Cow manure from, center of dung heap. 

((lorni.'iny, Schmid.) 

P(*r cent. I J)s. jx'r ton. 


Moisture 77.71 

Nitro^u_*n .54 10.8 at 15 cents, $1.02 

Phos|>horic. acid i:{ 2.0“ 7 “ .18 

Potash 40 9.2 “ 4.5 “ .41 


$2.21 

TABLE XXIX. 

From cows fed 100 lbs. green clover, .5 lbs. rge straw per dag. 
(R. H. Hoffman.) 

Per cent. Lbs. i)er ton. 


Moi.sture 72.87 

Nitrogen 79 15.8 at 15 cents, $2.:r/- 

Phosphoric acid 20 4. “ 7 “ .28 

Potash 1.69 33.8 “ 4.5 “ 1.52 


$4.17 
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TABLE XXX. 

Fresh cow manure with litter. 
(WollT.) 

Per cent. lihs. i)er ton. 


Moisture 77.0 

Nitroju^iui :U 0.8 nt lo cents, $I.0‘J 

l*li<)s|)horic acid 10 :{.'2 “7 “ .22 

Potash 40 8. “ 4.5 “ ..‘tO 


$ 1.00 


TABLE XXXI. 


Summarif of the computed e<(furs of the eatllc oxniuns. 

Per lo 


Cornell University Experiment Station 

$2. -hi 


‘k08 

“ “ “ M.Ol 

Tennessee Experiment Station 

. . ‘>.‘^2 

Conm*cticut “ “ 

‘>71 

“ “ “ ‘Ml 

“ “ “ (rotted) 

2.52 

.1 «i n 

1.82 

S. W. .Johnson 

l.OH 

Schmid ((lermany) 

2.21 

R. IT. HofTman 

4.17 

Wolff 

1.00 

Agriculture Colh'ge, Denmark (urine) 

4.7.4 

New York, Geneva (s(dids) 

1.77 


Avena'ce per ton 


.$2.4.4 


A few of the samples were slightly mixed with 
manure from other animals. 


TABLE XXXII. 

Cow manure f various kinds of feeding. 

(Dr. Thompson, Morton’s Encyclopedia of AKrieulture.) 

Excrements. 


Cows fed 100 lbs. grass, produced per day 71 lbs. 

“ “ 80 ‘‘ “ 4% barley, produced per day 78 

“ 25 “ hay, 10% crushed malt, |»roducod per day. .. 77 “ 

•' “ 108 “ turnii>s, 11 straw, prodiicial per day 135% “ 


L 
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TABLE XXXIIl. 

Manure from calves. 

(Bull. 5(5, Cornell Exp. Sta.) 

Exp. No- 1 No. *2 


Length of experiments in days 12. 15. 

Weight of two calves in pounds 1179. 580. 

Pounds of nitrogen consumed 5.042 .‘1.064 

“ “ phosphoric, acid consumed 1.959 1.508 

“ “ potasli consumed 1.519 1.871 

Pounds of nitrogen recovered 1.085 2.22 

“ “ phosphoric acid recovered ' .514 .820 

“ “ potash recovered 1.556 1.042 

Manure per ton $1.69 $2.67 

Excrement p<‘r ton $1.60 $2.79 


Lot 1 was fed larj^ely on skiinnied milk, reeeivinj^ 
707 pounds dnriiif? the experiment. Lot 2 had no 
skimmed milk, its food eonsistin^? of maize and^ 
linseed meal, bran and hay. The potasli consumed 
in experiment No. 1 is sli^’litly less than the amount 
recovered. This discrepancy is no larger than might 
be expected from the fact that no two samples can 
ever be exactly the same. It will be noticed that in 
experiment No. 2, nearly all of the potash consumed 
was recovered in the excnmients. It is evident that 
while these young animals utilized a large proportion 
of the nitrogen and a fairly liberal proportion ot the 
phosphoric*, acid, they stoned up only a small portion, 
if any, of the potash. 

STUDIES OP HORSE MANURE. 

The value of manure from horses, like that from 
other species of animals, is modified by age, food, 
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and kind and amount of beddin^^. While tlie ex- 
crements contain less moisture than those produced 
by cows, the liberal amount of beddinj^ used in the 
horse stable usually reducers the value of the manure 
per ton to that pT'odu(*,ed l)y the cows. 

Nine horses produced in one day, when not at work, 
bedded with 38% ll)s. straw, as follows (Bull. 13, Cor- 
nell Exp. Sta. 1889): 


Weight of manure 529.5 lbs. 

“ “ excrements 491. “ 

Average excreted per horse per day 54.5 “ 


TABLE XXXIV. 

Composition of manure of above horses. 

Per coat. Per ton. 

Water 70.79 

Nitrogen 51 at 15 cents, $1..53 

Phosphoric acid 21 “ 7 “ .29 

Potash 53 “4.5 “ .48 


Per horse ])er day 


$2.30 

.062 


TABLE XXXV. 

Gross figures from eight horses one day, when not at work. 


(Bull. 13, Cornell Exp. Sta.) 

Lbs. 

Total weight, manure and bedding 496. 

Weight of bedding .30. 

Total weight of excrements, solid and liquid 466. 

Average excreted per horse per day 58.25 

Per ton of manure $2.30 

Per horse per day 075 
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TABLE XXXVI. 

Manure from all the horses in the stables for 7 days. 

(Bull. 27, Cornfill Exp. Sta.) 

Excrement 3,319 lbs. 

Straw bedding 681 “ 

4,000 “ 

For cent. For ton. 

Water 72. 

Nitrogen 49 at 15 cents, $1.47 

Phosphoric acid 37 '' 7 .52 

Potash 90 “ 4.5 “ .81 

$2.80 

TABLE XXXVII. 

Giving the composition of the .straw used for bedding. Owing to the 
small amount of water content as compared with the manure^ 
it shows a relatively high value. Wheat straw 
used for bedding , sampled in April. 

Per cent. Per ton. 

Water 0.70 

Nitrogen 61 at 15 cents, $1.83 

Phosphoric acid 28 “ 7 “ .39 

Potash 70 ‘‘ 4.5 ‘‘ .63 

$2.85 

TABLE XXXVIII. 

Excrements from 10 draft horses at work for 11 days, two of which 
were Sundays. On the other days they w'ere out of the 
stable an average of about eight hours. 

Total excrements, 3,461 lbs. 

(Cornell.) 

Percent. Per ton. 

Nitrogen 47 at 15 cents, $1.41 

Pho.sphoric acid 39 “ 7 “ .55 

Potash 94 “ 4.5 “ .84 


Average per horse per day 


$2.80 

.043 
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Computing the loss of excrements while the horses 
were at work from the results given in the following 
tables, it is found that three -fifths of the excrements 
were saved. If all had been saved, the result would 
have been a little more than 7 cents per day per horse. 


TABLK XXXIX. 

Amount and content of manure from four v'ork liorse.^ and one 
2-year-old colt in 2-1 houra. 

(Bull. 5G, Coruell Exp. Sta., IHOU.) 


Total weight of horses G,41() Ihs. 

Land plaster used l‘i!) “ 

Straw bedding 112.75 “ 

Total weight of manure 555 “ 


CompoHition of manure. 

Pereeul. Per ton. 

Water 48.(11) 

Nitrogen 4!) at 15 cents, $1.47 

Phosphoric acid 2G “ 7 “ .5(» 

Potash 48 “ 4.5 “ .45 


Manure $2.20 

Excrements 3.20 

Excrements per year per 1,000 lbs., live weight $27.74 

“ “ day “ “ “ “ “ 070 

Excrements recovered per 1,000 lbs. per day 48.8 lbs. 


TABLE XL. 


Summary of computed valucH of horse manure. 


(Coruell Exp. Sta.) 

Per ton. 


9 horses $2.30 

8 “ 2.30 

All hor.ses in stable 2.80 

10 draft horses 2.80 

4 horses and one colt 2.20 

Excrements 3.20 

Straw bedding, Table xxxvii 2.85 

Average of all manure 2.49 
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This shows that the computed value of the ex- 
erements is nearly one -half of the cost of the food. 
Experience leads to the conclusion tliat this value (‘an 
seldom or never he realized from the manures when 
applied to the land; but there is no other way of 
niakinj^ comparisons between various kinds of manur(‘s 
and fertilizers without iisin^ a uniform standard foi* 
comparison. As has been explained, the real values 
of both manures and fei*tilizers to the farmer a]*(‘ 
dependent upon so many conditions that the tru(‘ 
recoverable valium (:*an never be known in a(lvanc(‘. 
It would, p(nha})s, be safe to value barn manures 
at fully one -half of their computed values, as shown 
by the tables. 


LIVERY STABLE MANURE. 

Livery stables in villages in the grain -growing dis- 
tricts often arrange with the farmer for fresh straw 
bedding without charge, the resulting manure to be- 
long to the farmer who furnishes the straw. From 
investigations made at the Cornell Experiment Sta- 
tion, and from facts furnished by Director 11. P. 
Armsby, State College, Pa., the following conclusions 
may be drawn: 

That a ton of straw as it comes from a thresher, 
and as used in village livery stables, will result in 
five tons of manure, if drawn as soon as made. 

That fresh horse manure computed as above is 
worth $2.45 per ton. 

That a ton of straw, computed as lad'ore, is 
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worth for iiuiiiurial piirimsos $2.77) })(*r ton. We tlnni 
have data for the followiu<^ figures: 

Five tons of niannro at $‘2.4r) 

tjess one ton of .straw at $2.75 -.75 

$'. e .")0 

There ai)|)ears to ])e a valin? of $!).')() to eoin[)eii- 
sate for drawiii< 4 ‘ one ton of straw to the villaj^v 
and live of inanni'i^ l)a<*k to tin* I'aiMn; but if tin* 
manure is thrown out of tln^ sta])le under tlu^ i‘avi*s 
and left for any eonsiderabh^ time, one-third to one- 
half of its value will probably b(^ lost. Tlum, too, it 
should be remembered that tlu^ fertilizinj^* (mnstitu- 
ents in the manure are (‘om putt'd at lilteral prfet's. 

4_)IS(U'SSK)N OF SllFFF FXOHFMHXTS. 

Two shee]) were fed in eaeh of si.x (‘Xperiments, 
each animal standing on a ^alvanizt'd iron pan 
(Bull. 7)0, Cornell Exp. Sta., 1891]). In order to 
show th(i effect of foods on the composition of ma- 
nure, the following tables arti "ivtm: 

TAIU.K XLI. 

Food eotisuhifid. 







Lbs. 

Lbs. 

Lbs. 

No. of 


Lbs. 

Lbs. 

Lbs. 

wheat 

Cot. -seed 

linseed 

exj). 

Water. 

hay. 

maize. 

oats. 

bran- 

meal. 

meal. 

1 

185.75 

81.25 

11.5 

11.5 




2 

144.25 

58.5 

11.25 

11.25 




3 

188. 

50. 

40.55 

41.25 




4 

298. 

92.5 



35.29 

17.04 

8.82 

5 

374.25 

70.5 



38.14 

19.07 

9.54 

6 

194.25 

07. 

4.50 


17.78 

8.88 

.77 
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Composition of food consumed. 


No. of exp 

1 

2 

3 

4 

5 

6 

Days of exp 

15 

12 

13 

16 

14 

21 

Nitrogen (lOs.) 

1.92 

1.48 

2.298 

4.345 

4.25 

2.445 

Pho.s. acid (lbs. 

.531 

.425 

.814 

2.12 

2.19 

1.12 

Potash (lbs.) .. 

1.28 

.949 

1.078 

2.299 

2.14 

1.43 


Excrement 

recovered. 



Nitrogen (lbs.) , 

1.08 

.994 

1.8 

2.83 

1.59 

1.758 

Phos. arid (lbs. 

.35 

.298 

.005 

1.466 

1.08 

1.106 

Potash (lbs.) .. 

1.089 

.830 

.963 

1.06 

.77 

..541 

Manure per ton. 

.$3.11) 

$2.r,5 

$3..30 

$3.49 

$3.15 

$4.17 

Excrement, ton 

. 3.35 

3.01 

4.55 

6.62 

3.44 

4.85 


Ill the al)()V(; expia’iniimt, fine- (ait wheat straw of 
known composition was used for Ixaldin^^ in snfficdent 
(juantities to k(‘e|) the sluM^p ehain. The slmep were 
ni(‘dinni-siz(Kl {i^rade t^hropsliires liberally fed on grain, 
b(‘{‘ts and hay. 

It will b(‘ notic'ed in No. d how the relatively 
nior(‘ lil)(‘ral grain ration raisial the value of the ex- 
(‘reinents, as eoinpared with 1 and 2, ovia* $1.()() per 
ton; and it is also interesting to note in experiments 
4, 5 and G, how markaally the value of the excre- 
ments is aff(*(‘ted by tlu^ eharaeter of the food. The 
average value of the manure of three pens of sheep, 
fed litth*. more than a maintenamte ration, as com- 
pared with the three iiens fed more liberally on a 
narrower ration, is as follows: 

TABLE XLH. 

Average computed value of excrements of sheep. 

Pens 1, 2 and 3 $3.G4 per ton. 

“ 4, 5 “ 6 4.97 “ “ 


Average of all 


$4.30 
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TABLE XLIII. 

Three sheeps fed 33 2-3 dayn .Htandbuj on galvanized pans; 
weight of excreinents, 123 lbs. 

(Bull. 27, Cornell Exp. Sta., 1891.) 

Percent. Per ton. 


Nitrogen 1. at 15 cents, $11.00 

Phosphoric acid 08 “ 7 “ .11 

Potash 1.21 4.5'* 1.09 


$4.20 

TABT.K XLIV. 

Average percentage of fertilizing elenient.'i recovered in all experiments. 
Nitrogen, Phos. acid, Potash, 


Sheep 02 .72 .00 

Calves •')(; .:i9 .02 

Pigsj 80 .7il .80 


The preeediiij^ tables show tliat the total values and 
the penauitages of fertilizing (‘oiistitiuaits vary, as 
might be expected. The pi'n'cntage riMtov(u*ed with 
swine is larger than Avith sheep and calves. This 
would seem to indicate that swine digt^st and assimi- 
late a larger amount of the carbohydrates and a h‘ss 
amount, taken together, of the other (‘onstituents, 
than either sheep or calves do. The amount of fer- 
tilizing elements recovered is dependent on so many 
conditions, as the power to assimilate food, the ag(^ 
and specic^s, and the kind and quantity of surplus 
products produced by the animal, that only a general 
average can be reached, which must be amended as 
experiments throw more light on the subject. 

Sheep have been so frequently used for conduct- 
ing digestion and other experiments, that it was 
hoped when this book was begun that extended data 
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could be se(*-ui*ed, but it is found that tiui di^’estioii 
experiments funiisli little material \vhi(di is appliea- 
1 ) 1(5 to the manure probhiin, since, in order to con- 
duct digestion experiments axicurately, the animals 
used of ne(*essity are placed under abnormal and 
un(5omfortable (‘onditions. 

The following figure's show tlie cost of food and 
comjjuted value* of manures of fattening lambs. 
Twelve lambs were fe*d in four lots. They were 
shorn in Novembe'r and fed until April. 

TARI.E Xl-V. 

Mununal inilue of tJh> fed, uUoicuhj ihat SO per cent ivas re- 

corered in the exrretKenfs,- Poiiudfi. 



(Bull. 8, 

Cornell Exp. St a., 

1881). ) 


('()ltoii-see«l 


Timothy 

Man- 

Clover 


meal, liran. 

.Maize. 

hay. 

yohls. Turnips, hay. 

Lot 111. 


288 

228 

125 

97 

Lot IV. 

. 100 2:1:1 



151 

49 :n2 

Lot V.. 

. 02 02 

204 

255 

14:1 

99 

Lot VI. 

. 02 02 

208 

2:$4 








Cost of ration, 




Cost of 

M anurial 

less 




ration. 

value. 

value of manure. 

Lot 111 

(carbonaceous) 


.. $:i.7o 

$1.12 

$2.58 

Lot IV 

(nitrogenous) . 


, . 4.00 

:4.50 

1.10 

Lot V (intermediate, with roots) 4. 78 

2.10 

2.08 

Lot VI ( 

“ without “ 

) 4.51 

1.97 

2.54 




$17.05 

$8.75 

$8.90 


Prom the above, it appears that the computed value 
of the manure from fattening lambs, as compared with 
the cost of food, is as follows : 


Cost of food 

Value of manure 


$17.05 

8.75 
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MANUUK AND KXCKlvMllN'rS OF SWINF. 

The followiiijLi’ statistics tlie i)er(!eiitaj^‘es, 

amounts, and (*omputed values of tliree constituents 
of the excrements and manure of pi^s and mature 
swine. 

TAIU.E XliVI. 

P'uj hiamar. * 

Annual K('iKirt N'. Y. State Kx]). Sta.) 

liatiuu about 75 ]aM’ (‘(‘ut niai/a; ensiluf^e, 25 imt ctMit bran and iniddlin^^s 

Percent. Per ton. 

Nitrogen 51 at 15 c(*nts, .$l.(i2 

Phosphoric a<d<l 0(1“ 7 “ .92 

Potash 72 '• 4.5 “ .155 




Ration about 75 per cent maize on cob, 25 ptu’ cent bran and middlings. 

i\n-<-eid . Per ton. 

Nitrogen 57 tit 15 c(>nts, $1.71 

Phosphoric acid Sd “7 “ 1.1(5 

Potash 27 “ 1.5 .22 


$2.20 


TABEK XnVII. 

Hogs fed on hone garbage and maize meal. 

(Report for 1800, (Ama. Exp. Sta.) 

Percent. Per ton. 


Water 05.22 

Nitrogen 58 at 15 cents, $1.74 

Phosphoric acid 80 “ 7 “ 1.12 

Potash 10 “ 1.5 “ .09 


$2.95 
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TABLE XLVIII. 

Pi(j manure. — Two Jois of pigs, four in each, fed standing on galvan' 
ized iron pans seven days. Lot 1 fed maize meal; lot 2 
fed two parts maize meal and 1 of flesh meal. 

(Bull. 27, Cornell Exp. 8ta., 1891.) 

Composition of excrements . 

Carboniiccons N itrogenous 
ration, ration, 

Bot 1. ljot2, Average, 

Per cent. Per cent. Per cent. 


Nitrogen 74 .92 .811 

Phosphoric acid 01 .00 .04 

Pota.sh 58 .04 .01 

Per ton $2.94 $3.41 $3.18 


The pigs used in these experiments were taken from 
two lots, one of whit'.h, for some time previous, had 
been feed a nitrogenous and tlie other a (nirbonatieous 
ration, and tliis accounts for the differentje in the 
weights of the two lots when put on pans. The four 
pigs fed the carbonaceous ration weighed 426 lbs.; 
those fed a nitrogenous ration weighed 600 lbs. 


TABLE XLIX. 

Value of manure per year per pig of 150 lbs., fed on a narrow or 
nitrogenous ration. 


Nitrogen $2.64 

Phosphoric acid 08 

Potash 52 


Per year $3.24 


Value of manure per year per pig of 150 lbs., fed on a wide or 
carbonaceous ration. 


Nitrogen $0.91 

Phosphoric acid 091 

Potash 183 


Per year $1,184 
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Computed value per year per lOO Ibti. live weight. 


Fed on a narrow or nitrogenous ration $2.10 

<< “ “ wide “ carbonaceous “ 70 


TABLE L. 

Amounts and value of manure produced hg pig.'i fed for seven dai/s, 
standing on large galvanized iron pans. Three 
pigs in each experiment . 

(Bull. .')G, Cornell Exp. Sta., 189.3.) 


Food consumed. 

Wheat Linseed Meat 

Skim milk. Maize meal. bran. meal. scraps. 

Loti no lbs. 04.5 :i2.i 

“ 2 108 “ 59.32 29.06 

“ 3 1,35 “ 4.57 4..57 0.80 

Average weight of pigs. 

Lot 1 137 lbs. Total weight, 411 lbs. 

“ 2 1.5.3 “ “ “ 459 “ 

“ 3 111 “ “ “ 333 ‘‘ 

A mount of fertilizing material in food consumed. 

Nitrogen. Phos. acid. Potash. 

Lot 1 4.098 2.29 .589 

“ 2 4.723 2.27 .624 

“ 3 1.34 ..59 .322 

Amount of fertilizing material recovered. 

Lot 1 3.217 1.70 .534 

“ 2 3.481 1.45 -472 

“ 3 1.330 .48 .323 

Excrements. Value of excrements. 

1,000 lbs. live animal 1,000 lbs. live animal 
per day. per day. 

Loti 108.9 lbs. $0.2106 

“ 2 75.8 “ .186 

3 56.2 “ .104 
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Cotnposition of pig rnanure (unpublished). 

Water, Nitrogen, Plios. acid, Potash, 
pereeiit. percent, percent, per cent. Per ton. 


Loti 78.47 .88 .48 .29 $8.48 

“ 2 74.58 .91 .40 .28 8.40 

8 09.84 .74 .80 .40 2.70 


It is seen in what a marked degree tlie food eon 
Slimed (iffeets the quality. Tlie nitrogenous ])i*o 
duced three -fold more ex(n*ements than the tairbon 
aeeous rations. 

TAHLK \A. 

Snnimur!/ of eo in pitted vulue.H of phi mil nil re, 

Kxcrcments Manure 


New York Experiment Station (Geneva) . . 

(( <t <( <( (1 

Connecticut ‘‘ ‘‘ 

per ton. 

per ton. 
$8.19 
8.20 

2.95 


... $2.04 


i, .( << 

a a 

... 8.41 

... 8.18 

8.48 

ti <( n 


8.40 

o 


2.94 

Averag:cof manure 

“ “ excrements 


. 8.20 

. 8.18 


ANALYSES OF THE EXCREMENT OP FOWLS. 

^ TABLE Lit. 

Composition of fresh hen manure. 

(Cornell Exp. Sta. 1891, 1892, unpublished.) 

Mixed ration, fed equal parts corn and oats. 



Per cent. 

Per ton. 

Water 

40.84 


Nitrogen 

1.38 

$4.14 

Phosphoric acid 

50 

.70 

Potash 

41 

..87 


$5.2t 



Hm Matinrn. 


m 


Carbonaceous ration, of nothinf? but corn. 



Per cent. 

j’er ton 

Water 

2(;.74 


Nitrogen 

1.10 


Phosphoric acid 

24 

.:m 

l^otash 

27 

.24 


$.‘{.88 


Nitrogenous ration, two parts wheat to one cracked peas. 


Water 

Nitrogen 

Per cent. 

24.4:i 

1.10 

47 

Per ton. 

$:i.;io ■ 
.()() 

Potash 

20 

.26 

Mixc'd ration,* ecpial 

])arts corn an<l oats. 

$4.22 


Per cent. 

Per Ion. 

Water . , 1 



Nitrogen 

748 

$2.24 

I^hosphoric acid 

00 

.:n 


Potash 


$2.77 

TABI.K IJII. 


Hen wanure, .sun dri<>d. 
(Cornell Exp, Rta., 1892, published.) 



Per cent. 

Per ton 


4.25 


Nitrogen 

0 

$6.00 

Phosphoric acid 


.65 

Potash 


.51 


$ 6.94 

♦Plaster 2 lbs. to 1 lb. of manure added to prevent loss of nitrogen. 
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TABLE LIV. 

Fresh hen manure. 

(Bull. 84, New Jersey Exp. Sta.) 

Per cent. Per ton. 

Water 55. 

Nitroj^on 1.09 at 15 cents, $3.27 

Phosphoric acid 92“ 7 “ 1.29 

Potash 45 “ 4.5 “ .40 

$4.96 

TABLE LV. 

Manure of fowls, fresh. 

(8th Annual Report N. Y. State Exp. Sta.) 

Pen 6. Per cent. Per ton. 

Water .59.7 

Nitrogen 1.40 at 15 cents, $4.20 

Phosphoric acid 92 “7 “ 1.28 

Potash 32 “ 4.5 “ .28 

$5.76 

Pen 7. Per cent. Per ton. 

Water 55.3 

Nitrogen 1.14 at 15 cents, $3.42 

Phosphoric acid 72“ 7 “ 1.00 

Pota.sh 25 “ 4.5 “ .22 

$4.64 

Pen 6, average value per fowl, 14 cents per year. 

( ( y ( ( n n < ( ]^Q n n ( ( 

TABLE LVI. 

ITen%ianure, air-dried. 

(Same as above.) 

Nitrogenous ration. 

Per cent. Per ton. 

Water 7.44 

Nitrogen 1.82 at 15 cents, $5.46 

Phosphoric acid 2.21 “7 “ 3.09 

Potash 1.11 “ 4.5 “ 1.00 


$9.55 
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Carbonaceous ration. 



Per cent. 

Per ton. 

Water 

7.13 


Nitrogen 

1.53 at 

15 cents, $4.59 

Phosphoric acid 

1.92 ‘‘ 

7 “ 2.68 

Potash 

1.01 “ 

4.5 “ .90 


$8.17 

TABLE LVII. 

Another analysis of hen manure, fresh. 

(7th Annual Report Mass. Exp. Sta.) 

Per cent. Per ton. 

Water 4,'). 73 

Nitrogen 79 at 15 cents, $2.37 

Phosphoric acid 47 7 “ .65 

Potash 18 “ 4.5 .10 


$3.18 

Air -dried. 

Per cent. Per ton. 

8..35 

2.13 at 15 cents, $6.39 

2.02 “7 “ 2.82 

94 “ 4.5 “ .84 


Water 

Nitrogen 

Phosphoric acid 
Potash 


$10.05 

TABLE LVII I. 

Another Massachusetts analysis offien manure, fresh. 
(Bull. 37, Mass. Exp. Sta.) 

Per cent. Per ton. 

Water 58.98 

Nitrogen 1.20 at 15 cents, $3.60 

Phosphoric acid 1. “ 7 “ 1.40 

Potash 32 “ 4.5 “ .28 


M 


$5.23 
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TABLE LIX. 

Fresh hen mn nitre. 

(R»n)Ovt 1890, Conn. Exp. 8tH., page 88.) 

Per rent. Per ton. 

Water .'{4.87 

Nitropron r)G at 1.5 cents, 

Pliosphoric aciil 8.) “ 7 .49 

Potash 30 “ 4. .5 “ .32 

$2.4!) 

The folh)winf>: averaj^es of value and water content 
in hen nmnnre are made tVom tin! above tables : 


TABLE LX. 

Water, Per ton. 
per cent. 


Presh manure .55. $4.90 

“ “ pen 0(N. Y. State Sta. ) 59.7 5.70 

“ “ “ 7 “ “ “ .55.3 4.04 

“ “ (Mass., 2) 52.35 4.23 

“ 34.87 2.49* 

“ “ (Cornell, 4) 34.42 4.02 

Average 48.01 $4.35 

Witter, Per ton. 
per cent. 

Nitropnnious ration, air-dried (X. Y. Stati* Sta.) . . 7.44 $9.55 

Carbonaceous ration, “ .. 7.13 8.17 

Massachusetts, “ 8. .35 10.05 

Cornell, 4.25 6.94 

Average 6.79 $8.68 

TABLE LXl. 


Pigeon nuinure. 

(iStorer, Agriculture, i, p. 369.) 
Excrement imported into England from Egypt. 

Per cent. 


Water 0.75 

Nitrogen 0.5 

Phosphoric acid 8. 

Potash 50 


Per ton. 

$19.50 

11.20 

.45 


Sample contained about 10 per cent of earth, 


$30.15 
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Wein found in excrement taken from church steeple. 

Per cent. Per ton. 

Water 11. 

Nitrogen 2.25 $6.75 

Phosphoric acid 2. 2,80 

Potash 5.5 4.95 


$14.50 

TABLE LXII. 

Annlyns of pigeon excrements produced in the United States. 
(Handbook of Experiment Station Work.) 

Per cent. Per ton. 

Moisture 10. 

Nitrogen 11.20 $9.60 

Phosphoric twdd 1.90 2.66 

Potash 1. .90 


$12.16 


Fresh hcii manure appears to be worth nearly 
twice as much as cattle manure. This is due in a 
large measure to less moisture content; while the lat- 
ter has 74 per cent, the former contains but 51.59 
per cent of moisture, on an avmmge. Computed at the 
same moisture content, the hen manure would be 
worth $2.35 per ton, against $2.46 for the cattle 
manure (page 153). 

Usually hen houses are kept clean by sprinkling 
chaff, dust or gypsum on the floors and roosts. In 
such {;ases it may easily happen that the litter may 
be so abundant that the value of the manure is re- 
duced to nearly that of cattle manure. On the 
other hand, unmixed hen manure, air- dried, may be 
worth four times as much as an equal weight of 
cattle manure. Such concentrated manures may be, 
and usually are, worth more per unit of fertilizing 
material than unconcentrated ones, if judiciously 
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used, since the value of manures and fertilizers is 
dependent, in part, on their immediate availability, 
especially of their nitrogenous compounds. If the 
nitrogen in manures is available only in the ad- 
vanced stages of the plant^s growth, and is present 
in abundance, it may produce a positive injury, 
while if available in the early stages, it is likely to 
be very beneficial. Since hen manure, especially that 
whi(di is unmixed with litter, and is air-dried, con- 
tains a high percentage of readily available nitrog- 
enous compounds, these compounds are of more value 
per unit than are those contained in the slower- 
acting cattle manure. It may be concluded that high- 
grade, qui(*kly available manures and fertilizers are 
more valuable, unit for unit of plant-food, than 
those which are slowly available, provided, always, 
that they are used with judgment. 

MISCELLANKOUS STATISTICS OF ANIMAL MANURES. 

The following tables were condensed and compiled 
by A. Hebert from the experiments conducted by 
Andoynaud and Zacliarewicz, and Muntz and Girard. 
(Contribution a Tetude du Fermier de Ferme.~Ann. 
Agron., II., (1885), pp. 129, 337. Reported in Ex- 
periment Station Record, v., page 142.) 


TABLE LXIII. 



Nitrogen, 

Phos. acid, 

Potash, 

Value 


per cent. 

per cent. 

per cent. 

per ton. 

Horse urine 

1.52 


.9 

$5.37 

Horse solid excrement . . 

55 

.35 

.1 

2.23 

Cow urine 

1.05 


1.36 

4.37 

Cow solid excrement — 

43 

.12 

.04 

1.49 



Bai and Barnyard Manure. 


1S1 


Amount of fertilizing material^ solids and liquids, voided per animal 
daily. 

Nitrogen. Phos. acid. Potash. Value. 


Horsea 342 lbs. .131 lbs. .112 lbs. $0.0t)5 

Cows 467 “ .071 “ .294 “ .088 


TABLE LXIV. 

Daily amounts of sheep and pig manure. 


Sheep (Miintz and Girard) 


Nitrogen. Phos. acid. Potash. 
.51 % .31 % .87 % 

.023 lbs. .014 lbs. .039 11)8. 


Value 
per ton. 
$2.74 


Pigs (Boussingault) 0326 “ .0246 “ .50* “ 1.50 


TABLE LXV. 

Summary of above tables calculated per year in pounds. 



Nitrogen. 

Phos. acid. 

Potash. 

Per year. 

Horse 

., 125.22 lbs. 

47.83 lbs. 

43.21 lbs. 

$24.06 

Cow 

.. 170.63 “ 

26.01 “ 

107.58 “ 

32.25 

Sheep 

.. 8,40 “ 

5.6 “ 

14.33 “ 

2.29 

Pig 

.. 11.90 “ 

10.58 “ 

11.90 “ 

3.06 


TABLE LXVl. 




Bat 

manure. 



Nine analyses from various stations give the following average. 




Per cent. 

Per ton. 

Nitrogen, . . 



8.5 

$25.50 

Phosphoric acid 


5.95 

8.33 

Potash. . . , . 



1.14 

1.02 


$34.85 

TABLE LXVII. 

Barnyard manure. 

(Bull. 9, Mass. Hatch, 1890. No particulars given.) 

Per cent.* 


Moisture 70.16 

Nitrogen 486 

Phosphoric acid 553 

Potash 614 


* Estimated. 
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Lbs. in a ton. 

Nitrogen 9.72 at 15 cents, $1.41) 

Phosphoric acid ll.Ofi “7 “ .77 

Potash 12.28 “ 4.5 *‘ .55 

$2.78 

TABLE liXVin. 

Ba rn \fa td m a n u res — a n other a ceoun t . 

(Ball. 14. Mass. Hatch, \m\.) 

Percent. Per ton. 

Moisture 07.28 

Nitrogen 588 at 15 cent.s, $1.10 

Phosphoric acid 289 “7 “ .40 

Potash 587 “ 4.5 “ .54 

$1.90 

TABLE LXIX. 

Barm yard manure ( Voclcker). 

Fresh, Rotted, Fresh, Rotted, 

])er cent, percioit. l)er ton. per ton. 

Nitrogen 149 .297 at 15 cents, $0.45 $0.89 

Phosphoric acid 299 .582 “7 “ .42 .55 

Potash 575 .446 “ 4.5 “ .52 .40 

$1..59 $1.82 

TABLE LXX. 

Mixed farmyard manures (T). Anderson, Scotland). 

Percent. Per ton. 

Nitrogen 58 at 15 cents, $1.14 

Phosphoric acid 51 “ 7 “ .45 

Potash 52 “ 4.5 “ .29 

$1.80 

TABLE LXXI. 

F. J . Lloyd estimates from various data that an average 
ton of farmyard manure would eontain — 

Nitrogen 12 lbs, at 15 cents, $1.80 

Phosphoric acid 5 “ “ 7 “ .35 

Potash 11 “ “ 4.5 “ .49 



OHAPTKU VITI. 


THE ITJSTE OF MAXI’HEI^. 





Fig. 31. The tmprofitable barnyard. From a photograph taken in New York. 



Fig. :}2. Showing the effective raeans which the farmer employs to advertise his 
shiftlessuess and his lack of appreciation of home resources. 




r’lK- A elupuiu'so student’s coueeptiou of tlie wasting of farm manures. 
Adapted from a sketch on an examination paper at the Ooruell University. 



CHAPTER IX. 

THE CARE, VREH^EliVATWN AM) APPLICATION 
OP AIAMJRES. 

Tiir amounts of inamiros and ex(‘rements which 
various specie's of animals prodiu'c, and also their 
percentage composition, have alnaidy ))een shown. It 
is impossible' [o set forth their true Vidue. Not- 
withstanding,^ this, it is (‘(‘rtainly known that thew are 
of enou^di value to justify painstaking effort to learn 
how best to liusband them until used, the most ap- 
propriate time to apply them, and the crop likely to 
ree'cive the fj^reatest benefit from them. 


LOSS IN MANURES DUE TO WEATHERING AND 
EXPOSURE. 


If manures are sheltered, no loss is sustained from 
leaehinj^ by the passage of rain water througli them, 
but loss may come from other causes. Manures ex- 
posed for a time may not suffer deterioration from 
the rain whi(di falls upon them, but rather be bene- 
fited, as in the (uise of horse manure, which tends to 
heat rapidly if not kept moist. When a superabun- 
dance of water from the eaves of the barn falls upon 
it, or the layer or pile of manure is shallow, a single 
( 188 ) 
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hoavy showia* may (*aiise loa(*hill^^ TIu‘ only safe 
nietliod is to eontrol the eonditions, in ordta* that the 
minimum of loss is sustained. When(‘ver an ahun- 
danee of straw or other eoars(' hcddin^^ mat(‘rial is at 
hand, and when the horns are reinovaal from tiir eatth^ 
or an‘ pr(‘vented from J^rowin‘^^ eov(‘red yards are 
found to he entindy satisfactory. \\\ thes(‘ the stock 
may take mild (‘X(‘rcise and Ih* wat<‘red, whih* at the 
sann‘ time th(‘y tramp tlie manure, and prevent its too 
rapid heatinj^. If j^ypsum is distrihnt(‘d oeeasionally 
over the surface, tin* eonditions of both the yard and 
the manure will lx* ix'nefited. 

A yard forty ])y sixty feet snfliecs for twejity to 
lW(‘nty-fiV(‘ full -thrown cows, (’overed )>arn\ards i^dve 
opportunity to eontrol eonditions, so that tlan'e will be 
no loss from seatt(*rin^ the manure, fr(mi trampint^ 
it into the mud, from h‘aehinj;, from too rapid d»'* 
composition, and from (‘.seap(‘ of the liquid manure; 
while they furni.sh a most eomfortalde i)laee for the 
animals to streteli their limbs while tlndr stables are 
beinfi^ aired, to queimh their thirst, in a eomforta])le 
atmosphere, with water brouf,dit to a temperatun*, in 
winter, of 98° Fahrenheit; and they ftive o|)portunity 
for removiiif? tlie manure when most convenient and 
when the roads and fields are in suitable condition. 
Then, tno, the manure is removed without handlintj 
as much rain water as manure, thereby prev(*nting 
the thoughtless farmer from making a useless effort 
to irrigate his fields by the aid of a manure -fork. 

Manure platforms or shallowq uncovered, cemented 
pits are sometimes built near the stables, in which 
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all manuros are stored until \vaut(Ml. rsually the 
li(iui(l manures, auj^inented ])y the I'ain, make eisterns 
nee<‘ssary for th(‘ir storage*, or tlie pit will overflow. 
Unless ahsorlamts are f)r(‘sent in li))(*ral amounts, th(‘ 
wat(‘r a(ld(‘(l by (‘xposur<‘ is of no benefit, while it 
most unneeessarily imu’eases the eost of nmiovinij: 
th(^ manur(*s. 

Distributing? li(piid manure, mix(‘d or uninixed with 
rain water, by the means of water- ti^dit tanks and 
sprinklinj? attaehments, is seldom found to be satisfae- 
tory, and should be avoid(‘d if snfli(*i(‘nt absorlamts 
ean be se(mr(‘d to ehan^(‘ th(‘ mass to a semi-solid 
state, suitabh* for handliuj? with a shov(‘l. Th(‘ fre(‘ 
us(i of b(‘ddin<? not only absorbs tlu‘ liipiid voidin^s, 
but tends to promott* (*h‘anliness in th(‘ stable, and the 
eomfort of the animals. Whatev(‘r imdhod is al^)pted, 
three thin^^s should lx* ke])t (dearly in mind: eomfort 
and health of tin* animals, eonservation of the ma- 
nures, and (M‘onomy of labor in nMiiovin^^ them to 
and from their temporary stora"(' pla(*e. Tn many 
eases fully a third of the vahi(‘ of the manures is ex- 
pended on them between the stalde and the field. 

The praeti(*e of removinj? manures from the stable 
direetly to the field is a jrood one wlieiu'ver it (*an be 
(airried out. Unfortunattdy there are times when tin* 
fields are over- moist, the lanes impassable, titne lack- 
ing?, and no suitable plaee ready to s|)n‘ad the manure, 
and for smdi emerjjemdes some storage reeeptaeh', 
even thougfh a small one, should hv provided. The 
open manure barnyard is destined to pass away, and 
needs only a few vigorous kicks to hasten its departui-e. 
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Manure, if |)la(r(l in (Icep pil(‘s and <*anHl for, may 
be improved ))y partial rottinjif without sustaiuin^^ 
uuieli loss. Fre(|U(*ntly the loss is fully balaiiecnl by 
the iuereased p(*re<mta^^e of availal)l(‘ plant -food and 
by tlie inii)roved t<‘xtur(‘ of th<‘ manur(‘. 

'File ni'ed of earinj; for manures is em])hasiz(*d by 
th(‘ following tables, whieh fwo the residts of in- 
vestigations eondueted in 1SS‘) }it tla‘ Formdl Kx- 
p(‘riment Station (Ibdletin XIII.). Th(‘ valm‘s of 
nitrojj(Mi, i>hosphorie avid and pedash liave b(‘(‘n eom- 
puted to eorr(‘spond witli those in previous eliap- 
ters. Th(‘ followin^^ is one day’s ])roduei of nine 
horses : 


Total woj^ht of rxrronionis, soli*! ami liipiid l!M. llts. 

Weif^ht of straw lK <Miinr ds..'* “ 

^ Total •• 


This material was lijjfhtly ]>aek(‘d in a wocahm box, 
not water-ti^dit, surrounded witli manure, and left 
exposed from March dO to S<*ptember dO. At the 
end of six montlis it was found to have Hustaim‘d 
the following? lo.ss(‘s: 

A ton of this manure, eonn)ut(*(l as in previous 
tables, was worth $:2.d0 jter ton when fresh; after six 
months’ exposure, .$l.d2. Loss, $0.98 per ton, or 42. G 
per cent. 

In 1890, 4, (KM) pounds of manure from the horse 
stables, composed of ‘L.919 pounds of excrements 
and 681 pounds of straw, W(Te placed out of doors 
in a compact pile and left eximsed from April 25 
to September 22, at the end of which time the total 
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weipfht had decreased to 1,730 pounds. The tabular 
results were as follows: 



April 2r), 

Sept. 22. 

Loss, 


lbs. 

lbs. per rent. 

Oross weight 

4,000 

i,7:«) 

.57 

Nitrof^on 

10.00 

7.71) 

00 

Phosphoric, acid 

14.80 

7.71) 

47 

I’orash 

:i() 

8.05 

76 

IVr ton 

$2.80 

$1.00* 



Five tons of (*,ow manure, (‘omposed of 9,278 
pounds of exerements mixed with 422 pounds of 
wh(‘at straw, wen^ exposed in a eomi)aet pile for the 
same period as the horse manure was, and under 
similar conditions, except that 300 ])ounds of jjypsum 
were mixed with it. The outcome was as follows: 


LIi 8. Lbs. 1^88, 
at botfiiiniiiK. at imhI. per rent. 


dross weiffht 

10,000 

5.125 

49 

Nitrogen 

47 

28 

41 

Pliosphoric acid 

:i2 

26 

19 

Potash 

48 

44 

8 

Pt'r ton 

$2.29 

$1.60* 



Manures may lose a large percentage of their 
valuable constituents and yet be worth more per 
ion than they were before the loss occurred. Con- 
sider, for instance, the five tons of cow manure 
which contained at the beginning 47 pounds of nitro- 
gen, or 9.4 pounds per ton, and at the end of the 
investigation 28 pounds, and note that this 28 

♦Valua on S^tember 22 of an amount of manure which weighed 2,000 
lbs. on April 25, 
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pounds was i*ontaint*d in ll.-V) tons. inst(‘ad of in 
tin* oriijfinal d tons. Wliilc tla‘ t<>lal loss of nitro- 
Kon was 41 iH*r rent in tlu‘ exposed niannn*, tla^ sain- 
pie eontained 10.9 pounds of nitroj^en per ton, or 
1.5 pounds per ton more than the fresh manure. 

The followin^^ table ^nves in ]>rief tlie results of 
many experiments at (’ornell in (‘xposin^^ manures 
during' two years: 


TAHLK I.XXil. 

I‘t‘r ton I<osH, Loss, 
at Ik I'innin^. piT Ion. jktooiM, 


IHHlt, lior''0 tii.'iiiuro in Inoso jiiL* if'J.liO I'J.ti 

1H0O, 2>0 1.71 tVJ. 

IHlHt, cow 'J-L’ll .<i!> 

iSH'.t, inixo<l niannre <*oinpaci( a in liox ‘J. Jl .2'A M .7 


The rainfall in 1S90 was umisnally almndant, as 
is sh^ii by tin* followinjx table : 

TAHI.K I. XXIII. 

IxainfuU (ittriug thf pr(p<jrt :is «/ th*' > xjip' ri hh ut . 


A\o, for Kx<'cuh 
IKIMI, l‘J.\fars. (ioln-ii'n 

iic'lus. iiichrs. indnvs. 

April -V 

May a.li'l -fli.'U 

June IJM J.TJ 4-1.21 

July I.:i4 

Mifrnst 4.f»2 :l1H 4-1.74 

September a.r»2 2.7'J 4‘'^*^'4 

Total -'7.r,r, IIL.'U 4-«.J.'> 


From Oetobt'r 1, 1H84, to March 2, 188.), 191% 
tons of mixed manure from horses, cattle and sheep 
accumulated in the covered barnyard at Cornell 
University. This manure was the jirq^uct of 12 

N 
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.s])ring calves, 7 winter ealv(*s, ‘J4 (‘ows, 1 ])ull, 12 
liorses and 1 e.olt for the live months. ft was 
well eornpaeted hy the trainpin*^ of the (aittle, whi('h 
were kept for tln^ j^n^ater pai’t of each da}' in the 
covered yard. A hir^^e nuinher of sam])les of about 
ten iionnds ('aeh was takcm from tin* nndistnrlK'd 
mass by enttinf^ ont solid en))es. Tlu'se w(‘r^' put 
to‘jf(‘th(‘r, chopped, mixed, divided and snlxliviih'd, 
and a sample was takcm for analysis. A similar 
determination had Ihmmi made in 18Sd-4. Tlu‘ follow- 
injjj table jjfives the resnlts, in separate columns, of 
the two years’ determinations: 


TABLK l.XXIV. 



iss4-:>. 



l)(‘r ('('Tit . 

pt'r cent. 

Moisturo 


72. (V) 

Nitrogen 

(IH 

.7H 

Pliosphoric, aci<l 



.40 

Potash 

70 

.84 


In 181)5, an investigation was made at the (’or- 
nell Exi)eriment Station to determine the a<*euracy of 
sampling manures. Seventy -six loads of manure, 
whi(*h had ae(*umulated in a covered barnyard from 
duly to ()(*tober, were sampled iis tfte manure was 
removed, by plaeing every thirtieth forkful* in one 
of three box(‘s, — the first forkful in box No. 1, 
the next in No. 2, and the next in No. 8. When 
the work was completed the sample boxes contained 
about one ton each. Eacli of these larj^e samples 
was separately mixed and roui>hly fined and divided 
into two equal parts, one of which was saved, the 
other discarded. The sample saved was again mixed 
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and tiin‘d, and 

divid(*d as )u‘for(*. 

As tin* 

samples 

lu‘eann* smalh*r 

by discardin;.: oin* 

-half, more and 

niori* pains was 

tak(*n to (*hop and 

liin* the 

' material 

hy means of sh 

arpeiied spatles and 

axes. When the 

ori^^inal samples 

were redue(*d to about oin* biisln 1 

(‘aeh, tin* tinal s 

aniph's w(*i-c taken for analysis. The 

followfri).^ table shows tin* com))osition of tin* 

samples : 


TAMI.K I.XXV. 




H<.\ 1. 

n-.x •.?. 

Hiix :i, 


jii r mil 

Ill , 

piT ITJll . 

Moi>tnr(‘ 





Nitrotrcii 


.M) 

1.01 

l’liov|i}i(tri<‘ m ill 

:.ii 

.e.d 

.,VI 

I’olnsli 

i:. 

.11 

.11 


Slndics w»'r<‘ iiii(]crlak<-n hy Miiiit/. and (lirard 

from isSd to lSS7/=' to didfi’mim* (ho loss or diUVr- 

» 

cnco of iiitroj^^iMi hotwooii tin* amounts of food con- 
smncd ]»y various classos of animals and tin* amounts 
i'(*cov(*rod in mamiro, wln*n tin* ('X(*i*cnn‘nts \v(‘]*o 
frosh, and whon loft in tin* stahlos for ditf«*r(*nt 

poi’iods of tinn*. Tln*ir fio’n?*«*s (which an* ^dv(*n in 

Tal)l(* LXXVI.) do not ropr(‘sont tin* trin* losses din* 
to (‘xposuro, as 410 account, was taken of tin* loss or 

^ain in jv<*i^dit of the animals. K\a*n if tin* animals 

had been weif^lied at the b«*j^dnninj,^ and <*nd of the 
experiment, little would have been t;aiin*d, sinc<‘ the 
wei^dit of animals varies widely from day to day. 
The amount of water drunk by a mature cow in milk 
may vary from a few to seventy -five fiounds daily. 
Steers fattened on air- dried corn and hay add from 5 


•E7ci:>erimt*nt Station Kword, v. 154; quotwl from "Ijor Kn(frfii'< 
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to 15 \wv (HMit of water to tlie dressed eareass in a 
few weeks when turiK'd on succMileiit pastures, and 
yet may {^ain little or nothinj: in live weij^lit. Ani- 
mals prodiieiii^^ yonn^^ wool or milk nse more or 
less of the nitroj^cmons eom])ounds in their food in 
addition to thos(‘ ivqnired for maintenanee, and limn'e 
could not ndnrn in their ex(*rem(Mits all of the®l)(>t^^ii‘ 
tial nitrogen contained in tlndr rations. 


TAHl.K I.XXVl. 

IjOKses in nutnurr rsposcd t>> nit'. 
Manntr from shot p. 



Fn‘s1>. Aft 

■ r (’) months, 

boss, 


Ihs. 

lbs. 

lOs. 

Woiy:lit of inannn* 

lo.TSt.DM 

0.281. :m 


Drv inattrr 

r», 11 ) 0 . 01 ) 

0.800.07 

1.201.80 

T(»tal iiitroKon 

0().:i4 

85. :u 

11.02 

“ phosphoric acid 

07.88 

70.14 

18.74 

“ potash 

200.84 

211.04 

.58.20 

M(i n u /'( 

from CO tvs. 



Wciglit 

ll,74H.:U 

7,200.04 


Dry matter 

,5.1 .”)<). oO 

:t, 015.72 

1,840.84 

Total nitrofren 

0.").02 

72.00 

22.00 

“ ])hosphoric acid 

40.0.5 

40.05 

0.0 

“ potash 

170.40 

144.18 

20.22 


In the precedinK tables, it will ‘be noticed that 
the nitrogen and potash are lost in mneh laigei pro- 
portions than the phosphoric a<‘id is. Dry earth 
would largely prevent the loss of both nitrogen and 
potash. It has been assumed by good authorities that, 
on an average, fattening animals return in their ex- 
crements 90 per cent, cows in milk and half -mature 
growing animals 70 per cent, young calves fed on 
milk and other easily digested foods 10 to 20 per 
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cent, and animals not iiunvasiny; in woij^ht or fur* 
nishinjj: a surplus product lUMirly 100 per ('cut of tin* 
nitroj^i'ii, phopliorii' Jicid and potash of tli(‘ir food. 
It is seen liow dillicult it is to (h'tcrniiiic tli(‘ lossi's 
due* to cxposuri' of manures hv notiiij,^ the ditTcrciic«‘ 
l)(*t\v(‘cn the amounts of constituents f»'d and tlic 
amounts iMM'ovcn'd. 

TIh' foods f(‘d to c(‘rtain animals wci-c analy/('d, 
and also tin' rcsiiltin^^ manure, the loss of niti’o^^en 
hein<^ found )>y ditfi'n'iiees in some eases; in (►thei*s, 
the a('tual l(>ss of tin' inanniM* al’lei’ it was p?’o- 
dueed was deteriniin'd. In horse stalls, wln're the 
.s(>lids W('r(' taken up as soon as dropped, and the 
uriiK' a))sorlM*d hy straw on eeineiit tloors and tak('n 
up daily, 71. d jx'r cent of the nitro^nm was n‘eover(*d. 
In ('ow sta))l('s, whei'i' tin' exerennmts w(‘n' n'lnoved 
daily, 72. <S per e('nt was iNx'overed : when remova'd 
twice a W('ek, ()7.(>4 jx'r cent. In sheep -pens Ixahh'd 
with clean straw, and tin' manure' allowed to ae(‘U- 
mulate durinj^ the period of tin* ('xperinn'iit, the iol 
lowing amounts were n*eovered: 

TAIJLK LXXVIl. 

[jOHxeH in n}n't‘p pen manure. 

Nitroifon 

Pori«Ml i»f rfK’OviTcd, 
fxjKrnrnent. 

June 15-July 7 40.8 

July 8- “ :U “ 44.7 

Jai). 19-Feb. 0 21 “ 54.1 

Feb. 9-Mar. 2 21 " .%.2 

Mar. 20-Apr. 10 21 “ 55.7 

A pile of fresh horse manure, composed of 491 
pounds of solid and liquid excrements and 38.5 
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pomuls of luMldinj; (total 521 ). o pounds), was phuM'd 
ill a woodiMi box, not wabu’-ti^lit , and sni*ronnd<Ml 
with iiiannr(‘ of a similar (diaracdm*. Tim followiii^^ 
tabh‘ jjfiv(‘S tli(‘ comjiosition of tlni inannri* wlum 
fresh and aftrr it was (‘xposi^l six monihs; 

TAIU.K LXXVlll. 

(Hull, ri, (’oriH'll Kxi*. Sta., ISS',).) 

Al’tf'r n months' 
Fri'sh, (•\))osurc. 
porciMit. iior.cont. 


Moistiiro 70. 7i) Hi. 71 

Nitroi'on .">1 .40 

l‘hosf»liori<* m’i<l LM .ir> 

I'otusli o;! .Ml 

Total woi^lit of inamin' frJO.r) Ihs. M7‘J ll>s, 

Valuo of ono ton frosli inanuro $‘J.:tO 

“ “ tlu< sam(‘ aftor 0 months’ ox|>osnr«‘ 1.M2 

la)ss 4‘J |u r cent. 


A block of nndistnrb(‘d iiiannrt* one foot dtmp, 
of ('Jitth' and horse (‘xerenumts mixed with straw 
b(Hldin<jf, k(‘i)t under (‘ov(‘r and ])aek(‘d solidly by the 
trampinjr of cattle as it was thrown from the Cor- 
nell stables, was ])lae(‘d in a close -fitting galvanized 
iron i)<an with a perforatt*d bottom, and left out 
of doors from Mareli dl to September dO. The fol- 
lowin'^ table shows the loss which took place: 


TABLE LXXIX. 

Loss, per cent. 

Nitrogen 3.2 

Phosphoric acid 4.7 

Potash 35 

Computed value of ono ton before exposure $2.21 

Value of the same ton after exposure 2.01 

Loss per ton 9.05 per cent 
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TIh* coinpjK'ttMl inaiuin* sliows a far Irss los.s by 
(‘XiK)siir(' tliaii lh(‘ losrly mamin' dors. 

Slu‘ldoii cona's to llir followin^^ (‘oiicliisioiis, after 
condurtin^^ (‘xprrinirnts similar to tlirsi* at the Kan- 
sas FiXpi'rimriit Station: '''ria* moral which the t;x- 
[)crimcnts plaiidy cm])liasizc is, that farmyard ma- 
nnr(‘s must b(‘ hanlc<l to the li(‘ld in the sprints; 
otherwise the loss of manure is sni‘e to be very 
^n-eat, th(‘ waste in tin* emirsi* of six months amount- 
inj,^ to fully om‘-half the ^o’oss nuiiiure, and nearly 
40 i)er eeiil of tin* nitro;,^eu that it eontaiiu'd.” 

The New York State K\perim(*nt Station has 
made somewhat extended experiments in the loss of 
manures, the results (d‘ which are hei’e brietly .sum- 
marized: 

A i)il(* of eow manure wei^bin^' d,2!).S pounds 
lost in weij.^iit in one year Go.l!) per cent, and in 
bulk oO per cent. 

An old compost heap, of which muck was the 
leadiii}^ ingredient, was simultaneously exposed for 
the same len^tli of time, and lost ‘J0.4o per cent 
in weifrht, and 2<S.() ])er eeiit in bulk. 

Tin* manure lost 4(i.() per e(*nt of its manurial 
constituents, and the inuek 21.40 per cent of its 
iiitroj'en, and almost nothing of its potash and phos- 
phoric acid. 

The writer of Bulletin 23, September, 1890, says 
(p. 325): "Great losses of nitroj^eii from manures are 
usually associated with drying and burning out, hence 
we must consider these results to be under rather 
than over what may be expected in average years.” 
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At tlu* North ('Urolina F]xperim(‘nt Station, a inin- 
iatiiro pilo of manure exposed for thr(‘e we(*ks showed 
a loss of 8.dG per (*ent of ammonia, whii'h is e([iial 
to 2.77 p(‘r eent of nitroi^en. (Ihilhdin Gd, ]). IIG.) 

Determinations mad(^ of th(‘ leaeliiiiKs from a 
maniir(‘ pile by the Massaehnsetts Dxp(‘rinient Station 
showed that notwithstandin«^ th(‘ ])r(*s(Mi(M* of i)er 
eent of water, tln‘ h^aehin^^s w(‘r(‘ worth $2.94 pen- 
ton. (Dhwemth Annual Report, lS9;i, ]). .‘Do.) 

Sh(‘ep manure at tin' (’onn*!! FiXpe'rinnnit Station, 
1894, sun-dried in the sprinjj: for forty -two days in 
ten -pound lots, showed a loss when nnmixed with 
^npsum of 48.9 p(*r cent, and when mixed witli ^n p- 
sum a loss of 2G.4 pen- eent of nitroi^en. (From 
unpul)lished mate'rial.) 

A lie'ld test of the value of housi'd and unhoused 
manun'S was made* from 1891 to 1894 in Utah, whieh 
showed that the plats treated with housed manures 
fjave au increase in j^rain of G.G4 ])er eent ovei- 
those treated witli unhoused manures. (Utah PF\- 
periment Station, Fourth Annual Report, p. IGO.) 

The experiments of J. R. S(*hiffer (Zeitseh. d. 
landw. Ver. f. Rheinpreusseii, 1892, pj). 44, 44), made 
with barnyard manure preserved by the use of super- 
phosphate (gypsum,) and unpreserved manure, gave 
the following results: 

Potatoes, bus. Barley, bus. 

Preserved manure 247 42.1 

Uupreserved manure 232 34.5 

Difference 15 7.6 


Potatoes upon which the treated manure was used 
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averaged 21. 0 por of starch, and those wlaa-e 

the otlua* was us<‘d averaged 17.!) per eiMit. Tlie 
autlior ealculates a laM iiK'rt'ase from the use of pr(‘ 
s(‘rved manure ovm- tlu‘ uupres(‘rvr‘d of alxmt ]M‘r 
acre in tlie trial with potatoes. 'Plu'se results are for 
(h(‘ lirst year after th(‘ api)Iieation of the mauun*. 
Ill the last exp(‘riment, uo aet'ouiit app<‘ars to have 
l>e(‘u takmi of the fertilizing material e»mtaiued in 
tlu‘ superphosphat(*: and whih* the material used for 
preserving t)u‘ mauui*(‘ without douht conserved the 
nitrogen, y«‘t it is hai’cly possible that the iiien*ased 
yield, dm* to th(‘ presin-vaal mauun*, was the I’esnlt 
in part of the ]>hosphate, and md wholly attrihnta- 
ble to the nitrog(‘n which was eonsr*i‘ved. 

The syst(‘m of feeding animals in )>ox st.alls, 
allowing the manure to a(*enmnlate, tends to conserve 
the valuable constituents. An analysis by I>iei*nat/ki 
shows th(3 difference betwiMui manure preserved after 
this plan and by tla^ eommon heap method to be as 
follows: 

Moistun*. njtr<ij{t‘ii. I’otaHli, 

jxT '■♦•jjt. ixT' xnt, owtit. 


Heap method HU. 78 .47 .20 .4.'{ 

Improved method 70. .'>4 .07 ..'U '70 


COVEKEH MANURE YARDS. 

At many a farmstead conditions are found which 
at first glance appear to have been brought about 
by a well -laid plan persistently carried out for wast- 
ing manures, thereby obviating the labor and expense 
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of nMnovinj^ tlH‘tn to the The iiiaimres are 

thrown out of windows undiu* the ^rcat (‘aves of tlui 
wide-(‘xt(‘ndin^ roof, or out of tlie slahle door, wluuv, 
durin<^ a ])ortion or all of th(‘ rainy niontlis, tlH‘y 
an^ l(‘a(‘h(‘d into tlu^ streams and th(‘ lim* ])ai'tieles 
washed over lar^(i areas or ])artially burmal by self- 
i^eii(u*at(‘d heat, and roldnal of tla^ lar^^m* portion of 
their potential nitro<:!:(‘n. Washed by llu‘ rains, dried 
by the winds, burned by slow eombustion, rootinl 
over by swine, puneh(‘d into th(‘ mud by th(‘ hoofs of 
animals, and s(!rat(di(‘d into tlu* fem‘(‘ eorners by the 
ever- industrious dun<>:-hill fowls, is it iiny wonder 
tliat this inixture of mud, wat<‘r and haielual manure 
is described as th(‘ '^ittenuatt‘d eorpsi* from which 
the spirit has lonj? since departed”! 

Many barnyards (‘ontain not less than one -fourth 
of an acre (100x110 feet), upon which falls annually, 
in eeutral New York (when> th(‘ annual rainfall is 
d2 inches), 1,812,800 pounds, or 1)00 tons, of water. 
In addition to this, from the eaves of most barns 
come tloods of water, which add to the fon*es of 
destruction and deterioration already pn^sent. 

The following illustrations are designed to show 
how easily the manures from the stables may be ])re- 
served from waste until time and suitable conditions 
in the fields make it convenient to remove them. 

Pig. 36 shows how easily the unsightly conditions 
which are shown in Chapter VIII. can be avoided, 
and how the losses which oi*cur from the methods 
there shown may be prevented. 

The larger and more convenient manure recepta- 
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(*l(i shown in Fi^s. .‘]7, and IV.) is easily and 
(dniaply hnilt, and well adapt(‘d, vvlnni somewhat 
eidai'^ed in breadth and height, to not only shel- 



Fi«. .'{7. IMan of a manure shed. 


terin^’ tla^ inanuiH's, but the straw sta(*k as widl. It 
also provides suitable and sludtivnal (inart(‘rs for 
the animals while b(‘in;if watered, and a plae(‘ in 
which th(‘y may tak(‘ all the exercise ivqnired dur- 
inj^ the colder montlis of the year while their 
(piarters are l)ein^^ aired and (‘leaned. Here, too, 
may the two extremes of over and under -exercise 
be avoided. 

To turn milch cows and calves out from warm 
stables into tlie bleak, piereinj^ winter wind for even 
an hour, and force them to travel to some distant 
stream and drink ice-cold Avater or do without, is 
not only cruel but unprofitable. To offer the excuse 
that animals need exercise, and, therefore, this is a 
jjTood Avay of compelliiij? them to take it, makes the 
practice none the less reprehensible. The custom of 
fastening animals in uncomfortable stanchions in the 



Chen)) Cnvend Yards. 20;“) 

fall, and k(H‘pin^^ tluMii lluaa* until spring on liard 
nnl)edd(*d or halt-lnaklcMl floors, without anv chain'o to 
take a breatli of fri‘sli aii* or to stn‘tt*h tlicii* limbs, 
is a |)i*a(di(*(‘ sear(M‘ly h'ss rrpiTlimsiblc than tho ntlua*. 
Th<‘ ludter syst(Mn would appear to lit* bt twet'u thoso 
two uneomfortabh* methods. If no sni!abh‘ bast'meiil. 
or o])en shed which t'ouhl be inclosed, is at hand, a 
larj^er or smaller stiaietnre than that shown in the 
lij^oires, built as a win^^ to the barn and ovta* tin* 
l^reat barn dooi-s, would serve most admirably in li^ai 
<»f the wasteful and erm^l open barn>Mrtl. 

The ])lans are modeled aftt*]- a lar;^n* horse -barn 
built by the author soim‘ yeai*s sinet*. Sneh a striie- 
tiir(‘ is not only inex|)ensive but durable, and may bt* 
madt* to eons(‘rv(^ th<‘ mannre.s of the farnisteatl in 
a most (‘('onomieal way. The llotn* ma> )m* of 



pounded clay or of grout. The round posts, set six 
feet apart and about two feet in tl}«‘ ground to giva? 
them stability while ereeting the structure, are of any 
length desired. After being set in line, mueh the 


206 


The Ferfilitj/ of the Land. 


same as s^hortfa* fViirc posts arc, two tins of flirts 
2x4 arc spik(‘(l to tlicii- out(‘i* siij-fa(*(‘s, ainl a 2x(), 
si)ike(l oil top of tln^ i)osts, after tlicy liavi^ ])ceii 
sawed off, servers for plat(‘ (Fi^^ dS). Th(‘ outer 
boarding is put on verti<*ally, the iiiiiei’ boarding 



horizontally, and the space l)etween tilled tightly with 
straw. Good shingles should be used to (‘over the 
building, for no matter how iuexpensivt' a structure 
may be, it is economy to keep it eov(‘red with a 
water-tight roof, Wlum the posts liave bi*eome weak- 
ened by decay, they may be sawed off at tlie ground 
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and flat toiindation slonrs, lour to six inclirs thick 
and incli(‘s S(|uan‘, pla(M‘d under llicin. 

If the structur(‘ wider Ilian that, shown, it. 

would I’cijuire ('cidta* sn])j)orlin^ posts, and if it had 
two stories, the n]>per one ns<‘d to sloi’e sli'aw, tliini 
the building should 1 m* tied tojjfether by joists jilaecd 
two tVi't a])art, suppoi'ted by a snminer (a timber 
nnd(‘r (‘eiiti'i* of joists) and by eeiiter posts ( ^'i^^ dO). 
A stnietnri* of this ehai-aelm- will Im* nineh di’ier 
than OIK' built of stone or even of donble-boai*ded 
pa]M*r- fortili(*d wooden walls, and fully as warm if 
the I'oof siiaei* is tilh'd with straw, and fai* ehea])er. 

A dm^ r(*‘^^ard for the comfort and prcMlnetive 
pow(*r of the animals, tin* fei’tility of the land, the 
economy of laboi*, and the eoiiseience of (’hiastian 
fariiK'rs makes it incumbent upon every tiller of tin* 
soil to ])rovid(‘ eomfortabh* <piarti*rs for all animals, 
and amph' and suitable rinun for tin* stora^n* of all 
farm prodm*ts until wanted, including manures and all 
implements and tools, that the tarm and its sur- 
roundinjjfs may have the appearaiiee of m‘atness and 
thrift, that the productive power of tin* land may be 
preserved and inereas(*d, and that farming' may be 
made, as jt deserves to lie, the most deli^htiul of all 

professions. 


THE APriJCATIOX OF MANTHES. 

In a country varyinj^ so widely as ours <loes in 
climate, in the crops raised, in markets, and in the 
intelligence, wants and desires of the people, both 
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urban and suburban, pracdires will fit tlauusolves, in 
tinu‘, into tlicii’ surroundings, ])rovid(Ml a t‘(*w of the 
(‘(;onoini(‘al and S(*i(‘ntifi(* priindples of fertility are 
clearly understood. 

Tli(^ ])y - i)rodu(*ls of tlie stable and farm may be 
ai)pli(‘d to the land for one or more of the follow- 
ing^ purpos(‘s: as a wintm* (*ov(‘r, as a muleh, to im- 
pr()V(‘ pliysieal (conditions, to increase liunius, to pro- 
mot(i nitrith'ation, and to sui)ply food to ^rowin<; 
plants. Moderat(‘ly I’otted manures an‘ lH‘st appli(‘d 
in late sumima* and (‘arly fall, on the surfac(', and as 
soon as tlu' (ground is ])low(‘d. Th(\v should then 
be iiK'oi’porated with the surfa(‘e soil by the use of 
the harrow oi’ (‘ultivatoi*, pn'paratory to planting to 
wlns’it, rye and like croi)s; or they may be spn^ad 
upon the m(‘adows and pastures. This presupposes 
that the manures of th(‘ previous wiut(‘r have lanm 
piled or stonnl and partially i-otted. Usually, it is 
found advisabh‘ to draw and apply a part of the 
manures as produ(*(‘d, or after they have been stored 
but a few days or a ft‘w we(‘ks at most. In all 
such cases, tlu*y should be applied to the land upon 
which plants are f^rowinjif; and since the entire farm 
should be covered with plants duriiif? the winter, the 
manures may be applied to those fields where they 
are likely to produce the best results. The xiractice 
of planting cover crops in late summer and fall, in 
orchards which have received clean culture up to 
the middle of July, and after the oats, maize and 
other like crops have been removed, is highly bene- 
ficial. 
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In soiiH* j>;n*ts of lli<* country deep snows ni;ik(‘ it 
inadvisnldt* to prai'liee winter niannrin;^^; Init whenever 
conditions will pe!-niit, e;irly winter a|»plieation «>f 
inaimre will Ik* found to advain‘»‘ the sprin^^ work, 
and to ;^d\e niueh hetter results on ^n*ass and inai/** 
lands than late winter and sprin^^ niaiinrin*^^ do. In 
the spi*in^^ tin* tields an* nsnall\ soft, and work is 
pi’essin;^; if, then, suitakh* pro\ ision is made for stoi*- 
in;,^ the hy-produets of tin* staples for the last two 
oi* thi'ee months ))efo!‘e the animals j^o to pasture, 
scum* mailing* will Ik* at hand for fall dist rilmt ion, 
when the wol‘k of the faiMII is less pressiIl^^ 

Whenever a systeinatl<‘ rotation can Ik* earned out, 
and wlH‘r(* maize, wheat and rse thrive, the manmes 
of the last Indf of the winter may he stored and 
api>lied to the wheat ^ronml. and those of the lirst 
part of the winter to the ^^n'oiind intend(*d foi* mai/e. 
(diniate, crops and praetiers vai*y so mneh that no 
rule can he laid d(>wn which will he applicable to all 
(‘ases; tliis inak(*s if necessary for every farmer to 
know many methods, that he maN select the ones 
suit<*d to his conditions. 

If manures an* applied freely to orchards, espf*- 
(dally yountr ones, and to such ei-ops as oats and har* 
l(*y, tliey may stimulate the ve(t(*tativ(* syst(*m of tlie 
plants at tln^ (‘xpeiise f)f friiitfuln(*ss. and result in 
positive damatr<‘; whih* such forage crops as tiie mil* 
lets, maize, hlue-^fniss and timothy, an* s(*ldo]ti in- 
jured, hut usually beriefUed hy such ap|>lieations. 
The annual growth of the tj’i*es, and the* color and 
texture of leaf and young shoots, stddom fail to give 


0 
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unniistakable si^ns of the presenee of too nmeh or 
too little iiitroj^en. 

Maniin'S are fre(|uently wasted by beinj^ at)plied 
too liberally. It is not (‘eononueal, except for special 
crops under spe(‘ial conditions, to apply from 20 to 
40 two-liors(‘ loads or tons per aero at one time. 
Tli(‘ following is a brief (‘xtract from a letter received 
not lon^^ siu(*(^: 

I luive an acre of lieavy soil manured with 100 
two-hors(‘ loads of barnyard manure from horses, 
(*ows and hoj:!;s. It was plowed under, the ground 
(iu(‘d, and another hundred loads a])plied, and the 
ground fined deeper than before. Then 75 busliels 
of slaked lime were harrowed in. The land was 
planted to potatoes.” Later, the samd correspondent 
writes: ”The season was very dry, and I secured ])ut 
225 biislu'ls of potatoes on the acre.” 

Snpj)osing, now, that each load weighed one ton, 
and that the manure was of fairly good quality, 
that is, .G ])er cent nitrogen, .3 per cent phosphoric 
acid and .45 per cent potash, it would have con- 
tained the following quantities of potential plant- 
food: 

400 bus. potatoes 5 tons of manure 

exclusive of viues 225 bus. potatoes -would furnish 



require 

require 

potentially 

Nitrogen... 240 lbs. 

,50 lbs. 

28,1 lbs. 

60 lbs. 

Pho.s. acid. 120 “ 

17 

9,5 “ 

.30 “ 

Potash 180 “ 

70 “ 

39.3 “ 

45 “ 


What percentage of the potential nourishment 
contained in the manures plants can secure is not 
known, and it is unsafe to even assume any given 
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rjiiantity, thou^rh some writers liav4‘ tlioii^^lit it ])ro})- 
al)le that under jjfood eonditions on(*-hall’ iiii^^dit b(» 
reeoyered the first year. He that as it may, tla‘ 
tables show eoiielusively that the uinouiiUs of th(‘ 



three valued elements supplied l)y tlie liberal ma- 
nurinj^ were so mu(*h in excess of the wants of th(i 
plants as to have been wasteful. 

Libeml applications of coarse manures in tlie 
winter on clayey lands, e.si>ecially those covered with 
grass, tend to keep them wet and cold until late in 
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tlui spriiif', w]ii(*h is s(‘i'i()usly dotriiiicntfil if tli(‘ luiul 
is iiiti‘ii(l(‘(l for niJiizo, ojits or barlry. Nor juo 
(‘oai'so, iuirott(Ml manures suitable for sandy land, 
unless tli(' eld(‘f o))j<‘et is to form mul(*h or wiutei* 
(*ov(Tin^ for the soil. 

Uurott(‘d manur(‘s, when spivad from the waj^on 
or sleigh in the winter, are not likely to be dis- 
tributed (‘V(‘uly, and tluT<‘fore some attention should 
b(‘ paid to redistributing them in the spring, befor(‘ 
they l)e(‘onu‘ dry. On grass land this work may 
be done i‘a])idly and well by nu'ans of a simph' tool 
shown in tht‘ aeeom|)anyiug <‘ut (Fig. do, pag(^ 211). 
It may also be used to advantage' on pastures, 

in tlu' spring, to distribute the prt‘vious y(*ar’s drop- 
pings of the animals whieh, if h‘ft undisturbed, 
eaus(‘ rank buuehes of grass, whieh are' refusc'd by 
the grazing aidmals. The im])h‘ment ^is made of 
an oak plank one foot wide', piere*e‘el with suitable 
twe)-ine*h he>l(‘S, into whie*h is faste‘ne'el h('a\\ brnsli. 

Manures shonlel be fairly well re)tted be‘fe)re bedng 
applied te) sandy se)ils, or they iiierease the' pe)re)sity 
e)f the land. Liberal applie*atie)ns e^f coarse, dryish 

manures i)le)weel nnele'i* may, if the weather is dry 
and remains se), ele> serie)ns tempeirary damage. The 
me>i*e evenly manures are elistribnteel the more e'fli- 

e'ie'idly they will act, but it reeinires no little skill 

and labe)!* to perform the work in the best mannei 
by hand. Two -horse manure -spreaders handle man\ 
kinds of manure in a most satisfa{'tory maimei 
under favorable conditions, but the conditions are s( 
pften unfavorable that they are not likely to com( 
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into iiiuv(‘rs{il iisr. tin* rc*«ul<*r iiuiy not Im* dis- 

tnictrd !)>' Wir drtails of this suhjcrl, somo of wliicli 
must fail to Ids case, a frw ^^airral lliou^lj 

not nnivorsal nilrs. «*xja*rssrd in a lew wanxls, am 
j^iv<*n, thr snhstaiKM* of soim* ot whicdi lia\»* almad>' 
hccn stat(‘d. 

Distrihntr inanniTs in fall and rarly winter, 
‘idnly and evenly (ni or near the sm*laee when* 
plants are j^rowin^ or will soon appear, lilj^ht and 
tretpient ajjplieal ions are better tlian inlre(pient, lib- 
eral ones. A moderate inereased |)ro(lnel ion o| many 
lields from \ear to year is l^etter than a }j;r<‘at in- 
er(*as(‘ on a siiij^h* held lor a tew \eai's, ihitn 
mannres ar(‘ most ei'onomieally n>< d it asscM'iated 
with cover and j^n-een erot>s, improved tilla^^e, and 
in many (aises in eonjnmdion with li^^lit applications 
of lime, pt^tash and p}ios])horie aeid, and in some 
cases Avitli nitroi^^en, salt and gypsum. 



CHAPTER X. 


N1 TROa I:N a XD XI TRIFICA TION. 

If a field of l)arl(\v or maize is inspected 

before it apiiroaehes maturity, and especially wlum the 
plants ar(‘ but a few inches liijjfli, it will be noti(*ed 
that the folia^.n' in some portions of the tield is not 
only more luxuriant, but of a mneli darker j^remi 
than that in other j)ortions. Th(‘se dai’k ^reen places 
may be together in small areas not larger 

than a foot in dianuder, or tlnw may oe(*npy larufe 
areas, and in some eases Th(‘ (‘ntiri‘ tiel^ may liave 
a dark ('olor. This denoti^s that tlie plants are 
abundantly supplied with nitroj^en, and have at least 
a moderate su[)])ly of phosphoric* acid and potash. 

When the jihysieal eonditi<)n of the soil has been 
made suiierior by tilla^i*, and suitable moisture is 
presc'iit, the plants are, under ordinary conditions, 
able to secure suflieient nitroj^en for normal growth, 
although the soil may carry comparatively little nitro- 
gen or nitrogenous (*ompounds. Plants may suffer 
for want of nitrogen, although there is an abundance 
of it, in a potential form, in the soil. It is only 
in rare cases that the land does not contain enough 
potential nitrogen which could be made available 
profitably by intensified tillage, and most productive 

( 214 ) 
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soils carry potential nitro^^cii siiflicicnt for from lifty 
to two hiiiidrcd avoi*atr(‘ (*i*ops of tin* ct‘rc;ds. 

Tin? first (*ITort slioidd ))c to di^lcrminc wlicllicr 
it is ])(‘st to liastt‘ii nitrilicalioii ])y extra and 

aid'ation, or if it is nnax* d(*sira))h* to withhold the 
oxtra tilla^(‘ and add ])urchascd nil ro^^taious (‘om- 
pounds. On li^ht soils, tillaj^c may h(‘ cai-riod so far 
as to drph*t(* th(‘ land of its humus, and Irssm its 
moistnrc-holdin*,^ capacity. Kxtra lillaj.,n‘ pr(‘suppos(*s 
that siiitahlc mcasnn‘s will he taken to sup])ly the 
spil with or^ani(; material hy means of mamn*es or 
plants, suniei(*nt to keep the soil tilhal with humus and 
in a ('onf,^‘nial jdiysical cundilion. In some cases, it, 
may l>e advisahh^ to <lepend in i)art on purehased 
nitrogen, rather than to call ni)on the land hu* tla^ 
entir(‘ supply maahal, as in the latter case what is 
[ifained hy (‘xtra tillage may ])e otfset l»y the depletion 
of soil hnmws. Just how much res(*rv(‘ ])oteutial nitro- 
f^en should h(^ (*arried, and how mm‘h humus, and 
how much sliould l)e hrou^ht from outsich* scuirces, 
can he dettu’mined only hy tln^ most careful <*xp(*ri- 
inentation and ohservation. 

In jmmiotinf^ nitrification hy tillatre, lh(‘ mimu’al 
eonstituents of the soil are also rendered more avail- 
ahle. Here, ag:ain, is met the hiisiness or tinaneial 
side of this prohlein; hut it may Ixj said that all 
plants are so markedly ])enetited ))y superior soil con- 
ditions that excellent physical conditions should he 
secured, even if the oxidation of the humus is car- 
ried farther than is desirable. Under ordinary con- 
ditions, tenacious soils are seldom seriously depleted 
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of th(‘ir orf^Riiic inuteriHl by extra tillaj^e, ])iit wlieii 
() 1 M‘ (*i*o|) follows aiiotlier without any hunius- pro- 

ducing^ (*rop int(*rveuin^^, especially in warm climates, 
m(‘a^‘cr prodiudiou may be diu^ (piite as mmdi to 
th(^ lack of humus as to lack of available plant - 
food. 

\Vhcuev(‘r Mi(‘ pliysi(*al condition of tin* land is 
sup(‘rior, h'ss pot(‘idial |)lant-food in th(‘ soil is i‘(‘- 
(piiivd for a ^ivcn result than when the j)liysi(‘al 
conditions arc bad. How mmdi may l)e tak(m out 

and how mmdi r(*s(‘rv(* must be h*ft in the soil, 

and \vl maintain, and (‘vtm incn‘as(\ tlu^ most prolit- 
abh^ prodmdion of the farm, is the prolilcm whicdi 
constantly ri'cnrs to the man wlio would scmire th(‘ 
most satisfactory results, idl things considered. This 
probh'iu is followc'd l)y otluu's, — how best to make* 
the (d(‘im‘uts of th(‘ soil available, and how best to 
maintain the lu'cessary reserve. It will be seim 

how complex a^i-i(‘ultun‘ becomes when an attem|)t 
is made to (diau^e iiitroj^enous compounds in th(‘ 
soil into available nitrogen with the view of re- 

moving it from the laud, although at first we take? 
iio account of the chemical and bioloj^ical (diauj^es 
whi(di an‘ constantly j^oiii*? on, and consider the 
(|uestiou only from the farmer’s standpoint. 

The soil must contain, in addition to the neces- 
sary mineral constituents of plants, a suitable supply 
of available nitroji;en, or the plants cannot make the 
necessary «;;rowth re(|uisite for abundant fruitage. 
On tlie other hand, if the vegetative system of the 
plant is overfed by an excessive amount of nitrogen. 
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fniitnj^o is rodumi, and the plants nro lik(‘ly to lx* 
attacked hv many emnnics, such as i*ust and mildew, 
wliieli they mi;,dit in part or entirely i-(‘sist if a lc‘ss 
or noi’inal amount of available nitrogen were present. 

In ^eiiei-al, it may he said that an almndant 
supply of plios]>liori<‘ a.eid and p(>tasli, (‘spe(‘ially the 
formei*, t(‘uds to iiiensase fruit fidiiess, hardiness and 
liianuess of leaves and st<*ms. whilr an ahuudanei- 
of nitro^^en has a tendency to pimxIimm* just the re 
V(‘i*se conditions; and while tin* j>lant eaiinot he at 
its best without a suitahlr supply of iiitrom'H, tin* 
plants which are <^n*own ehielly for their fruits may 
he easily iujiu'ed' by an amount oul\' sli^ditl> <‘\eeed- 
in<^^ a suni(‘ieney. 

At th(* ('ornell h]xi>(‘rimcnt Station, in recent (‘X* 
p(*riments witli wheat sown in drills twenty -four 
imdies apart and ^dven frecjuent tilla^n*, the blades, 
stems and lieads all showed that the ])lants wej’e 
usinjj; an (*xeess of nitrogen, which was made avail- 
able to them by superior tilla^n* and thin seedin^^ 
Tin* wi(h‘ intervals betw(‘en the drills alh>wed the 
l)lants tliree times the feeding ^O’ound usually ‘^dven. 
The period of tnaturin^^ the ^nain was prolonj^ed a 
full week, and the rust was far more abundant 
than on the leav<‘s of |)Iants ^o-()win‘^ in adjoiuin^^ 
plats which liad been drilled and treated in the 
usual manner. Tliese observations were made on 
land of moderate bu’tility, from which om^ crop of 
maize and two of wheat liad been taken in tlie 
previous three years, no fertilizers having l)eeu used 
on any of them. 
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When some erops, whicli valued eliiefly for 
their leaves and stems, are eonsidered, there may be 
no dan^mr from an a))undant supi)ly of available 
nitroj^en, thoii'^h it may be said that tlu' (piality of 
foraj^e erops which have been hi<^hly stimulatc'd by a 
superabundance of nitrogen is not as j^food as that 
of forage grown on land supplied with a less amount 
ot‘ nitrogen and a full or even liberal supi)ly of ])hos- 
phoric a(*id. 

What has been said in regard to croi)s raised 
for fruit or for forage (diiefly, do(‘s not always hold 
good when appliiMl to the (udtivation of maiz(‘, since 
this plant is not only able to grow on coarse and 
partially d(‘cayed farm manun^s without injuiw, ])ut 
is benefited far more by add<‘d nitrogen than most 
[)lants are. The. quantity and ({uality of th(‘ fruit 
and stalk of maize, if not planted too thickly, and if 
given suitable int<‘r- tillage, appear to be benetited by 
not only an abundance of mineral plant -food, but of 
nitrogem ns W(‘ll, 

It will be s(‘(m that a dis(*ussion or investigation 
of the subject of nitrogen and nitrifunitiou would be 
of little value unh‘ss the physical conditions of the 

soil and the available moisture which it (*ontains are 

also eonsidered. No matter how fully and cheaply 
the soil may be supplied with nitrogen and nitrog- 

enous compounds, if it does not furnish a comfort- 
able home for the plant, or if, for considerable 
periods, there is not enough moisture present to 

transport the plant-food into the plants, little benefit 
may be expected from the real or potential nourish- 
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merit carried hi the land. Plants snlYer oftencr I'nnn 
lack of moisture than from^laek of food. 

To illustrate, the following results of inv(‘s(igations 
eondueted in 1895-99 with i)otato(‘s at Porin'Il Uni- 
versity Experiment Station are given. Tin* land se- 
lected for the experiment was a gravelly soil underlaid 
by a porous subsoil through which the water readily 
jiassed. For twenty years pn*eeding the experiment, 
a four-year rotation had been adopb*d,— clover or 
clover and timothy one year, mowed and j)astnred or 
mowed twice, lightly manured in the fall or (*arly 
winter; maize one year; oats or barley without ma- 
nure or other fertilizer one year ; follow(*(l by wint(U* 
wheat one year. 

In 1893 a crop of clov(‘r was remov(‘d, and in 1894 
a crop of maize was removed, after which tin* land 
was carefully divided into plats of one -twentieth of 
an acre each. Late in tlie fall of 1894 tin? land was 
])lowed deeply, and about May 1, 1895, all j)lats wen*- 
gang- plowed and thoroughly harrowed. May 3 and 
4 potatoes were planted upon eight plats. Tin; 
average yield from the eight i)lats was 353 bushels of 
potatoes per acre, or more than five tim(‘s the averag(? 
yield of potatoes in New York* (GH.8 buH]n*ls). In 
1896 the potato experiments were conducted upon plats 
adjoining and similar in character, though rather 
poorer, from which two crops of corn had been taken, 
one in J894 and another in 1895. The potatoes were 
planted May 9, 1896, four plats (7, 8, 9 and 10) to 


♦According to the Eleventh Cennus of the Unitod States. lUW, 
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Rural New-Yorker No. 2, and two plats (11 and 12) to 
Dutton, Plat 7 niceived fertilizer at the rate per acre 
ot‘ 200 pounds muriate of potash and 300 pounds of 
a(nd i)hosphate, while plat 8 received no fertilizer. 
Doth i)lats wei‘(5 inter-tilled seven times, jdat 7 yield- 
inj^ 310.3 bushels, and plat 8, 330.3 bushels per acre. 
Plat 9 was inter- tilled eleven times, and plat 12 sevtui 
times. They yielded respectively 338.1 bushels and 
341.0 bushels per acre. Plats 10 and 11 were eaeh 
inter- tilled three times. The former ^ave a yield of 
280 bushels, and the latter 299.69 l)ushels per acn* ; 
or tln^ two plats (9 and 12), with frequent tilla^^e, gave 
an average yield of 339.85 bushels per acre, while the 
two plats (10 and 11), with infn*quent tillage, gave an 
av(‘rag(‘ of 289.83 bushels per aere. 

In 1897 ten plats were devoted to experiments with 
potatoes. Of these ten plats, two (34 and 33) wei*e 
in ter -tilled eight times, and gave an average yield of 
370 bushels per acre. Two plats (41 and 42) were 
inter -tilled seven times, and gave an av^erage yield of 
333 bushels per acre. Six plats (30, 37, 38, 39, 40 and 
43) were inter- tilled five times, and yielded an average 
of 302 bushels per acre. The soil on these various 
plats was rather better on the plats whicdi received the 
five cultures than on the plats which were cultivated 
eight times. All plats on which the above experi- 
ments were conducted in 1897 were plowed April 2 
and 3, and thoroughly harrowed. In preparation 
and planting all plats were treated alike, and the 
widely varying results can only be ascribed to the 
better (*onditions provided by superior inter- tillage. 
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In 1898 tillage experiments with potalot's wen' 
eonducted upon eleven plats, six of whi(*h riMu'ivcd 
inter- tillage six times and live of which wen' int(‘r- 
tilled thn'e times. The avt‘rag(* yi^'ld p(‘r acre from Ihc' 
six plats (21, 22, 2G, 29, :i0 and :12), whidi iv^Mawd 
six eiiltures, was 284.2 husla'ls ])(‘r aen*. Tla^ avta-age 
from five i)lats (2‘1, 24, 25, 27 and 28), which wen* 
cultivated thn'e times, was 502 husluTs jx'r aer(‘. 
While the increased tillage dot's not sliow tla* marked 
results upon the ])lats tins year as in foianer years, 
the average of all plats is still well ai)ovt‘ tin* average 
yield for the state. A sc'Vt'n' drought, pr(‘c(‘ded and 
followed by excessive rains, no doid)l considci’ably 
reduced the yi(‘ld. The j)lats which i*cceived tlii-cc 
cultures were upon ratlu'r Ix'ttcr soil than were the 
plats receiving six cultures. At one time during 
growth th(^ moistun? contaim'd in the surfac«‘ six 
inches of soil was reduced to 4 ])cr c(‘nt. It is prob- 
able that where three cultures wci‘e given all tlie 
plant-food was lib(u*ated tliat could be ])rouglit into 
solution ])y the moistuni present. 

The most important h'ssoii tauglit ))y lljis scries of 
ex])eriments is not the comparative yi(‘ld of one plat 
with another, Imt the uniformly high yiehl from all 
plats. Wlu'u it is considered that no fertilizer has 
been applied, except in one case, and that tlie land 
has been heavily cropped year after y(*ar, the itnpor- 
tance of thorough preparation for tin' crop is empha- 
sized. All the plats were deeply plowe,d from two to 
three times each year, and given the most thorough 
preparation before planting. Plowing was done cai-ly 
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in the sprin*^ before tlie stores of soil moisture had 
be(*,ome disseminated l)y evaporation, th(^ rainfall was 
qniekly absorbed, and the iiit(‘r- tillage kept tla^ sur- 
face muleh renewed, and thus lar^(‘ly pi-eveiit(‘d loss 
by evaporation, and the plant -food wlii('h was made 
available was brought into solutio!i and thus rendenal 
of use to the ^rowin^ platits. For detaih‘d report 
and summarized tabl(‘s, set^ Bulletin lofi, Cornell Uni- 
versity Ajj^rieultural Ex])(*rimeut Station, December, 
1898, Third Report on Potato Culture. 

Other equally strikinj^ exp(*riments eould be cited 
to show the marked (‘tT(‘(*t produciMl by frequent and 
su|)erior tilla^m in S(*eurin«f available nitrojjfcm and in 
(‘onservinji: moisture, but those <»:iv(m will sufTiee to 
call attention to the means which may l)e su(‘C(‘ss- 
fully used to furnish nitro^^cm and other necessary 
plant- food, and moisture, continuously to the j^n’ow- 
ing plant. True, frequent inter-tillage benefits pota- 
toes more than most other plants, since the (‘arth- 
mulch, in addition to the beneficial effects already 
noted, serves to keep the soil cool, a condition wdiich 
is highly beneficial to the ])otato in most localities. 
This earth -mulch w^as kept up until late in the sea- 
son, and seemed to be quite as beneficial in the 
late as in the early part of the season, altlioiigh 
it was not so perfect, since the cultivators had to 
be narrowed up, that the partly grown tubers might 
not be disturbed. 

From these and other similar experiments, we are 
irresistibly led to the conclusion that the meager 
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crops Si) universally si‘ruri*(| art* usually not (iu(‘ so 
nuK'li li) a lack of rainfall and poliuilial nilroj^iUi 
and otlua* (dcnnuils of plant ^n>wth in tin* soil, as 
to lack of ability or knowItMlj^u* to make tlnun 

availa])l«‘. II(*rc, attain, ua* arriv»‘ at tlm point wlmn* 
a clioiia* must Ix' mailc ladwiMm utiliziu}^^ tlu‘ plant- 

food and moistui-c aliaa-niy in tlM‘ soil, or s(‘curini^ 
the om* by purchas«‘ and tin* otlna* by i*\p<*nsiv«‘ 
irrigation. 

The discussion of tln‘ subjiad from tia* stand- 

point of the obs<*rvant farimu-, who wouhl utili/a* in 
the b(‘st manm*r ])ossibh‘ tin* latent Wi^alth of the 
soil, naturally ])i-i‘pari‘s tin' way tbr eonsidei’in;: the 
plant’s mM‘d of nitro^^um, and tin* best im*ans to se- 
eur(‘ th(‘ hi^dii'st n*sults by tin* utilization of tlic^ 
eomph'X forces which, if umh'rstooil, may materially 
assist in niakin^^ a wise nsi‘ of tie' land, while 

leavinjj; it unimj>jiir(*d for future ^enei*at ions. 

Th(‘ fore<j;oin^ invest ij^mt ions show the neod of 
testing; tlie soil to (hdermine if it will res])on(l 
vpiK'kly and profilal)ly to superior tillaj'c, or if it 
may be ne(H\ssary to add nitroKenons <*omf)onnds, or 
to hasten nitrification by the application of lime, or 
by other means besid(‘s tillage. They also serve* to 
emphasize tlie full meaning of the word manure, 
which is derived from tlie French word manainvrtr , — 
”to work by hand.” Mamenvrer might be translated 
into modern thought by the single word tillage. 

The need of nitrogen in the soil is siieeinctly 
set forth by Storer:* ” Long-continued observation 


•Agriculture, I. 292, 313. 
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jiiid many experimeiits have i)rov^e(l that, l)(‘si(le tlie 
inoi’^’anie, or ash iii^re<li(m(s of plants, tliei*(‘ must 
always Ix^ some soiiret^ of nitro^am in the soil, in 
or(l(n* that a crop may attain any ('onsiderable de- 
velopmrnl . Tln^ ^i-owtli of foi'ests and of all wild 
plants is 1‘eally no c‘X(M‘ption to th(‘ nde. It is 
(‘(‘rtain that theiM* must lx* niti-o^’(‘n in sonu* sliapt* 
in th(^ soil, if tlanv^ is to he ahmidant V(‘^^(‘tation, 
and it is pnM‘is(‘ly in tln‘ (‘as(‘ of wild |)lants tliat 
the inlluenee of nitrates is on tlH‘ whole most 
sti’on^jfly mai*k(xL Tho nitrat(‘s, lik(‘ othor (‘asily as- 
similahh^ nitroj^enizcxl compounds, protnot(‘ to a 
marked d(*‘4*r<‘e tli(‘ ^’rowth of the l(‘a fy ])art of th(‘ 
plant, and tin? heaves of plants thus tod ai*e ehar- 
aet(‘riz(xl hy a pixadiarly iuttmsc color.” 

” Hut h‘t him [tin* farm(‘r| do his lx‘st, h(‘ ean 
never a(*eumulat(‘ a V(*ry larc*(‘ proportion of nitrat(‘s 
in his li(‘ld, for th(‘ soil lias litth* oi* no ]K)W(‘r 
piuananently to rtdaiii th(‘s(‘ suhstanei's. Hv(*ry rain- 
fall dissolv(‘s th(‘ nitrat(‘s whicdi havi* forim'd in tlH‘ 
ujiper laym-s of tie* soil, and car]*i(‘s them down 
into or towards th(» lowm* layers, and in ease the 
rain should liapixm to lx* abundant and lonpf-eon- 
tinued it may ev<*n wash the nitrat(*s utterly out of 
the soil. Tin* doubh* silicates, whi(*h serve so well 
to ari’(*st potash ami ammonia, have no power to 
stop tin* waste of nitric a<*id.” 

One manurial ingredient ean hardly be said to be 
of more importanee than another, but one may as- 
sume more importan(*e than another be(*ause of the 
greater expense or difficulty in securing it, or be(*ause 
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i\ slightly insiini(‘i<‘nt supply ium> mort* siM'iousIy 
jifToct production tlian when souk* oilier in^r»'dient is 
insuHieii'iitly supplied to the same extent. 

As has i>een previ(Misly stated, plants, likt' ani- 
mals, tend to adapt themselves to t he (mukIiI i<ms nmler 
whi<‘h they ari‘ placed, and s(> hniLC as these condi- 
tions do not depart too widely from lie* imniial. 
little or no harm oeem*s. A \ariet\ of wlM‘at iml 
infrcMpieiit ly ^ives virtnall\ the saim* \ield per aere 
whmi raised <ni soils widely dilVerent as to their ehar- 
aeter and eomposit ion. Of two ]»lats (h ^•rain of the 
saim‘ variety, om* may ;.:'ive mneh more .vtraw than 
the other while the \ ield of ^n-aiii is \ irtiially alike, 
and the (pn-stioii is raised, had one t<M) little nitr’o- 
<.^(*11, or Inal one too imieli * 

If the grains ^rown fr<mi saimms plats, difler- 
ently fertilized, and whi<‘h ^i\e virtnall\ the saint* 
yield, l)t‘ analyzetl. it will he foiintl that the> difTia* 
matt*rially as to the ju’oportion of their etmsl itnents. 
It would, then, appear that a knowletl;,^- of the com- 
position of the soil ami plant tloes not sttlve tin* 
dilTieult prohlein of feeding plants, thonj^di sneli 
knowledtjre is likely to ht* of ^n’cat advantaj^e. Here, 
aj^ain, we are sent to the field with a lonj' list of 
rpiestituis which t*au only he answi*retl, if at all, in 
the prestmee oi the j^rowin^c plant. It must he fully 
realized, too, that the learner is in the presence, 
not of one force, hut of many, whieli may act and 
rea<‘t upon each other in eoinjilex and mysterious 
ways. An organized, living thing is to h(* studied, 
a flexible plant, subject, within certain limits, to 

P 
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marked variations, in a sinj^le f^oneration, and which 
may be increased and in time V>ecome fixed. 

One le^nminous crop in a four or five-year rota- 
tion, coupled with nitrop:en -])roduein^^ (*ov(‘r (*rops, 
can l)e made to furnish nearly all Wu) nitroj^en 
muHled by the othcn* croi)s in tlu^ rotation. Add to 
this the nitro^c'ii contained in th(‘ (‘xenanents of domes- 
tic*. animals, that stored in the soil, and that brought 
to thc^ land fi*om natural sources, and the supply 
from theses sour(*(‘s may be made (*(|ual fo the de- 
mand, exc(‘pt for a tew special ero])S. 

Long experi(‘n<*e in the manag(*m(*nt and tillage 
of widely s(‘])arat(‘d farms, h'ads to the (*on(*lusion 
that undei* wise manageim^nt a full supj)ly of nitro- 
gen for the ordinary fruits and grains, for lands 
which are now fairly productive, <*an lx* supplied 
from home resoin*ccs in the greatc*r ])art ot the 
United States. Wherever land is reasonably cheap 
and the legumes flourisli, and the climate is adapted 
to the rearing of domestic animals, the farmer is 
unwise who purchases nitrogen at from 12 to 20 cents 
per pound, instead of securing it from inexpensive 
home resources. 

It is not difficult to make provision for keeping 
the soil fully supplied with potential nitrogen and 
humus, as the aid of a large variety of plants 
suited to varied condition can be secured in most 
localities. Some can withstand the severest winter; 
others are able to flourish in hot and even semi- 
arid districts, and may be used in part or wholly 
as humus and nitrogen producers. As soon as one 
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(‘lass of ])lants has fniitcHl, and oven ludoiv, other 
plants may he started, th(*r(‘hy ket‘pin^ th(‘ land eon- 
stantly employed in fnrnishinjj:, thn)n}j:h tlu^ plant, 
the d(‘sii>‘d nitro«^(‘nons eoinponnds and hnmns. Add 
to th(‘se sonr<‘es the farm mannr(‘s, and the qm*s- 
tion of a snp])ly of nitroj^mi is nsnallN solv(‘d, ])ro- 
vidrd, always, that skill is nsrd in eonscrvinj^ it and 
in makin^^ it availahh*. It is om* thin;j: to Inive 
th(‘ imams at hand fur s«M-iirinjj: a full supply of 
nitrojLCen, and (piitr another to know how to wis(*ly 
us(‘ them; <u’, in other words, liow most wisely to 
mak»‘ us(‘ of plant, animal ami soil to scauiri* this 
hi^di • i)ri(*ed and necessary eleim*nt. 

Plants ai*(* unahle to li\m on the ]>roduet of ]>re- 
eedin;; plants until the or;,^‘mi/ed matter of thesis 
preeedinj^ plants has lM‘en hroken down and re* 
s(dv«*d into oi’ij^inal <Mmipoumls, Seimilitie farming 
may h(‘ said to <‘onsist in part in lillin;; the soil 
with cheap and refuse j)ot(‘ntial plant -foo«l, and in 
takinef it out of the soil as finished ])nMluets so 
skilfully that th(‘ supply is kept (‘(pial to the* de- 
mand, and this witli profit to the farmer and hen- 
efit to the land. It is one thinj' to put potential 
plant- food into the soil, and (piit<* another to ^et 
it out ])rofitahly. There are various means ns('d to 
se(*ure tlie desired r(»snlts, amongst wliieh tilhij^e has 
been already mentioned, but (hqiendenee should not 
be jilacjed on this alone. 

The relation of lime to nitrification demands a 
w(3rd at tliis point. While lime has been used to 
some extent for many eenturies to furnish plant -food 
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iiidiivctly, and wliilo many investij^ations liavc Ix'en 
(*()ndii(*t(*d to discovn* Ili<^ (‘omiih'X action of Him* 
wli(‘n ai)i)li(‘d to tla^ land, nnd wliil(‘ sonictliiny: is 
|)ositiv(‘ly known as to its aclion, so many (*ontradi('- 
tory results ar(‘ reacdied that the faianer is impelled 
to l(‘st its action not only on his own farm, hut on 
(‘V(‘ry fi(‘ld of it, in ordia* to ari‘iv(‘ at facts which 
ar(‘- applicahh‘ to his own <*ondi(ions; and this is not 
sti’an^<‘, for th(‘ soil is not oiu' nnifoi-in mass, ])ut is 
naturally (‘xtrimudy vaiaahh^. Most of the (‘arthy 
])arts of th(^ soil ha\’(‘ transported lon^^ distaiu'cs 

hy the action of ict^ and wat(‘i*, sift(Ml, s(n*t(‘d and de- 
l)osited under smdi a multitude of conditions as to 
pn'clude th(‘ i)ossihility, in many (*ascs, of its hein*^ 
similar, much h‘ss alik(‘, ovvv a sin^h‘ ticld of a few 
a(*res Not infriMpumtly a sin^h‘ a(‘re contains soils 
whi(*h may lx* (dassitied under thnx' or fonr cmtirely 
distinct heads. 

But, as has been said, some of tlu‘ (‘tfe(‘ts j)ro- 
duced by liminjx land are Avell (‘stablislnxl. When 
mild lime is ap])lied in niod(*rat(' f[uantities it 
tt'uds to promote niti'iti(*ation, and to mak(‘ avail- 
able the dormant ])lant-food. It may promote nitri- 
tication by improvin^^ the physical character of the 
soil, thereby inakiiif^ it more eomfortable for tln^ 
iniero-orjj^anisms, or it may eorrecd the atudify of 
the land, thereby proniotin^ the multiplication of 
these organisms, or it may serve to sup])ly a mineral 
element necessary to their well being, or it may, 
through its varied actions, arrest the development 
of denitrifying organisms. Neither the farmer nor 
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th(‘ hiolo^^lst can tril, usunllv, wIh'IIht only <nir ov 
all of tlirst* l)«‘in‘rn‘ial rn\‘<‘(s lia\r lM‘cn im’oiIikmmI, 

hut lliry may know that iMUirtits t<> a ^"I’catrr (H* Irss 
<'xt<*nt lia\r or lia\o m>t hmii r<*<*(*i\(‘(l, hy ohsrrxinj^’ 
tlir plant ami its fruit. 

\\ liih' a mo(li*i*at»‘ application of linn* usually 
promotes nit rilicat ion, a too lihnal application may 
retard it. Aikmatr*' stal<‘s the ensr «‘lrarly wlnm he 
sa\s: "'Idle action of lime on nit lo^^i-iions »u*‘.:;:anie 
mattm* is of a very strikinj..: kind, and is hy no 

means very ehsirly umlerst(MMl. .\s wr lia\e pointed 
out, it sometimes acts as an antiseptic or preserva- 
tive: and this antiseptic or pr<*ser\ at i\ c action Inis 

hiM'ii e\ptaine<l on the assumption that insohilde 
alhnniinates of lime are Idniied. Its a<'tion in such 

industries as calico print in<.r, where it lias heeii usi‘d 
alon^^ with easidn for lixin;,^ eolorin^^ matter; or, in 
su^^^•lr retinin;^^ wlier(‘ it is used for <d}irif\ in».C Ihe 

suj^ar hy pre<‘ipitat ine* the alhuminous matter in 

sidutioii in tin* sa<‘eharine li(pior: or. lastly, in jiuri- 

fvinj^ sewage, — has heen cited in supjK>rt of this 

theory. While, however, there may he eii'eumstanees 
in which lime, especially in its caustic form, acts as 
an antisepti<*, its t(‘ndeney is to promote 

these fermentative ehan^(‘S, sueh as nitrification, so 
important to i>lant -life.’’ 

(lypsuiii is known to have tin; jiower of fixing.; 
ammonia (which is one ))art nitroj^en ami three 
]>arts hydroj'en), and to hasten nitrification, and may 
lie us('d in many eases to ^jreat advanta^^e in both 
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stable and field . The {gypsum is sold without a 
guarante(‘d analysis, and too frecjnently it is little, 
it* any, better than fine, dry, ricdi (‘artli as an 
aininonia-fix^'r or a promoter ot* nitrilieation. It is, 
theret’or(‘, the part ot* wisdom to purchase sparingly 
until the purity and fineness of the product is 
known, or until there is <;ertain knowlcd^^e that tlie 
benefits dtn*iv(Hl from the use of f^y])snm exceed in 
value its (‘ost. 

Nitrification is ])romoted (ntlun* by lon^ or short 
fallows (*ondii(ded during the warmer months, but 
if a supe]-abnndan(*e of rain falls ni)on the land 
befor(‘ ^rowin^ plants have made use of th(‘ nitro- 
j^en reiuh'red available by tilla‘i:(‘, serious loss may 
occur. This leads to the conclusion that fallow 
lands, and those which liave received frecpient tillayi* 
while producin<^ a summer inter- tilled crop, should 
be fully oc(*upicd by jdants before the fall or winter 
rains o(‘cur. Moderate rains may serve to carry the 
available nitroj^en downward, but it tends to rise to 
or near the surface as soon as capillary aidion is i*e- 
stored. But if the water leaches through or passes 
off the land rich in soluble nitrogenous compounds, 
serious loss may occur. 

While fewer nitrogen -producing plants are raised 
in the south than in the north, nitrification is far 
more active in the southern than in the northern 
states. These conditions indicate that the northern 
farmer should lay stress on hastening nitrification 
by increasing the temperature of the soil by drainage 
and tillage, while the southern farmer should cover 
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all his (Miltivatt‘(l land with Icj^uniinous plants after 
the re<^ular (‘rops have heeii laid h> or riaiioved. 

Since criinsoii clover is found to thriv(‘ all tliron;j:h 
the southern country, it wonld st‘cin that a inort' 
^en(‘ral ns(‘ ini^ht he made of it to ji^rcat advanta^^c. 
The tirst n^piisitc to succ(‘ss is a snitahlc s<‘cd-l)cd. 
lli^h rid<^(* tillaj^c, so universally in voijfuc in both 
inaiz(‘ and (‘otton ticlds, inijjfht )u‘ sonn‘what inoditicd, 
csp(‘cially in the case of inaiz»‘, and somewhat inon* 
h*v(‘l inter-tilla<>:t* ^iveii. After the siiniiner tillage 
has l)(M*n (‘oinph'ted, a line seed -bed could )»* prepar(*d 
l)(*tvv('en the rows without <lest royiii}^^ the ridj^es, l)y 
the use of a on(**horse cultivator ])r(>vided with 
many smallish t(‘eth, ])ass<*d over each s|>aee once be- 
fore and once after the s<M‘ds ai*e sown. In a 
similar way, all oat stubbles could In* )>repar(‘d and 
seeded, as well as orchard and other open lands. On 
these otherwisi* uno<M*u])i<‘d spaces crimson clover 
(*ould be us(‘d as a e<»ver crop when*v«*r it llourisln*s. 
Should the practice of usin*' crimson clover as a 
catch or cover crop in* associated with a more t;eii* 
eral cultivation of tin* cow pea, the ])i-o)>h*m of a sup- 
ply of nitrogen for tilled lands would be ])raetically 
solved for the south. 

In most of tin* southern states a warm summer 
and fall, in which nitrification is extremely active, is 
followed by superabundant rains, which wash out the 
nitrogen liberated during the warm weather, and in 
some cases cause such degradation of the soil as to 
destroy its usefulness for tillage purposes. By cov- 
ering the land with living plants, this degradation of 
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Ili(‘ soil })(i |)revt‘iited and the iiitrojifini larj^ely 

('()ns(‘i‘V(*d. 

Heiielieial i*(*sults are fre(nieiitly not s(‘eured by 
{i|)pli(‘;d ions of nitrogen and otlier forms of ])lant- 
tbod, for oiH' or botli of two r(‘asons. TIh^ l)re(‘din‘^ 
of tlie plant may b<‘ siK'h tliat it ('an not make ns(‘ 
of nioiM* food than tli(‘ soil naturally supplies, oi’ tin* 
soil may ])o so imiK'rlVc'tly litt(‘d that the plant, no 
matter how lii^li -bi'ial, <‘an not sia'nre it. 

Moisture plays an important i)ai*t not only in tin* 
j^’rowth and fruitage' of plants, but also in (‘hant^inji; 
nitro^iUKMis eompounds into nitrat(‘s. IIai)])ily, th(‘ 
means uscmI to ('ous(‘rv(‘ moistur(* and simuiim^ nitroe(*n 
may, at tlu' sanu' tinu^, be mad(‘ to imu'ease oi* I'e- 
(lue(‘ the temp(*rature and to s(‘eur(‘ superior jdiysical 
t('xtui‘e of tlu‘ soil. 

Hrietly, tlum, tlu‘ living plant and tlie imphmumts 
of tillage', intellij 4 :ently ns(‘d, furnisli the means foi* 
ehanj^’in^ dormant plant-food into tliat wliieh is avail- 
abhy for eonsm-vinjj: moist ui-(‘, for promoting nitrili(*a- 
tion while adding and eonservin*^ nitrof^en, for mak- 
iuu‘ the ('onditions eomfortabh‘ for tlie crops, and for 
aei'omplisliin^ tlu'se and other results in the simplest, 
cheapest and most satisfactory manner. 

PREVENTION OP LOSS OF NITROGEN IN STABLE 
MANURES. 

So nuieh lias been said concerning tlie absorption 
of nitrogen, or the retarding of nitrogen -loss, in ma- 
nures, by means of various coverings and chemicals, 
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that a soiiirwliat full al)stra(*t is ;;iv<*u of a 

(Jcnnaii discussiiui of lla‘ suhjrct. 

Ill a r(M'(*nt article hy II. liniiH'iidoi-lf on the con- 
srrvatioii of lli(‘ iiitro‘;(‘n of stal)h‘ maiim*«‘, ' thn 
sul)j{*ct is introduced l)y stating that of the snl^slanccs 
in manur«‘ which an‘ to 1><‘ saved, it is a^u’ced that 
tin* nitro^n*!! is of lirst iinportainM^ and the or‘ 4 ani<‘ 
]natt(‘r next. As to tin* inetliod of ('onser\ at ion — 
eheini(*al or nn‘(*hanieal — nmeh <litTei*<‘nee (h’ opinion 
(‘xists. This tin* author considers to he due to ineor- 
r(‘et knowl(‘dgo of tin* s<'<|Uenee of the rvinits to In* 
(‘ontrolled, and to tin* iiisullieient separation of work 
of fundann*ntal iiuportain*e upon tin* snl>jert from 
work of niinoi* importance*. It is of prime importance 
to know wln*n and wln‘r<*, in the ordinai’v farm opera- 
tions, losse's o(*eur, and what course ot‘ events cause's 
the*!!!. 

The* dissipation e>f fre‘e* nitree^nni has hem hehi hy 
some to he* the* e'ause* e>f the* loss e)f \aliie in manure*. 
Kxa(*t expe*riiin*nts tee ele*te*rmine* this loss showeel this 
ele*iueiit (*seaping (ill tin* ahsein'c of nili’enis en* nitri*' 
acid) eeiily whe*n e'eimparative'ly lar^n* epianlitie's e)l air 
had ae*e*(*ss tee the* feniie*iit in;,^ masses. This eemeli 
tioii lasts at the me>st hut 20 elays in ordinary farm 
prae_*tie‘e. Experime'iits hy the* autlnu* with heein*. 
horn, flesh and blood me*al without admixture* eif 
earth, and with inue*Ii air aee*e*ssihle*, slioweel as liif'h 
as 60 per cent loss of tin* niti*eee^e*n eontaiin*el in tin* 
original material in the form of amineinia; and the* 
loss of free nitrogen was nndeterminalele* geuierally, 
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and in the case of greatest loss amounted to 6.2 
p(u* cent for a time of 121 days, giving for 20 days a 
loss of a tVaeiion over 1 per cent. 

With th(^ addition of soil or soil extract to these 
materials, the conditions for the d(*veloi)mcnt of frct‘ 
nitrogen were mmdi more favorable. In one exper- 
iment, showing the highest loss of free nitrogen, 
the soil was saturated with ammonium sulfate 
( [Nll 4 ] 2 S() 4 ) and then there escaped as free nitro- 
gen, in 113 days, 20.6 per cent of the nitrogen in 
the original suhstaiu'c. This, (*al(*ulatod for 20 days, 
gives a, loss of 3.<S per cent. Other experimeut(‘rs 
hav(; reacluHl similar results, and Immendorlf con- 
elud(‘s that ''the (dementary nitrogen set free in tlu^ 
proct‘sses of fermentation and decomposition does 
not account for the gi*eat loss of nitrogen occur- 
ring in the manure from the moment of produc- 
tion to the tinu‘ of deposition on the held.” 

In the foregoing, it has not been considered that 
in the presen(‘e of nitrous or nitric acid the losses 
of free nitrogen may become consiilerable. In nor- 
mal, fresh manure, there are neither nitrates nor 
nitrites, and the first fermentations which take place 
are those in which large quantities of hydrogen- 
(Huitaining products, and even free hydrogen, are 
produced. It has, however, never been observed that 
during the most energetic formation of ammonia 
the nitrifying organisms develop any greater activity. 
In the stable, therefore, it will seldom or never hap- 
pen that nitric acid will appear in such quantities as 
to cause serious trouble. On the manure pile, only 
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the surfaee olfers an opportunity tor tlie toi-ination 
of the oxids of iiitro^cui, and how it uiay he of 
iiuportaiiee to (•lu‘(*k this tendency by i^^ood packinj^^ 
and eovei'injj:. 

From all the forc^oin^ and other data which the 
author <liscusses, h(‘ (*on(*lmh‘s as follows: (1) "'Fla* 
chi(*f caus(‘ for th(‘ loss of comhine<l nilro^n*n which 
manure und(‘r^o(‘S in tin* ordinary courst* of haml* 
lin;>: is to 1)(‘ souj^ht in the cscapin;,^ ammemia;” 
and (2) That '^tla* formation of frc(‘ nitro^^^cn is, in a 
very subordinate* measure*, anotlaa* cause*.” 

Wh(*re* and whe‘n are* the* ^n*e‘ale*st h)sse*s e>f nitrec 
^e*n e‘ne*e>unte*re‘d f Te) this ((Ue‘stiem the* e*\pe*rime‘iits 
e)f Miiiitz auel (iirareb'' ^ive* I’atlie*!* sal isfacteu*y an* 
swe*rs. The* ^I'cat loss of nitre)<^e*n is tbund in the* 
ammonia ese*ai)in;^ elnrin^^ the* ve*i’y ae*li\e* fe*rine*nta- 
tie)u be‘^innin^ iinme*eliate*ly afte*r e*vacnal ie^n. babe)- 
rate)ry te*sts with tlje* seeliel anel liepiiel e*xe're*me*hts 
separately, she)W that in tin* liepiiel e*xe're*me*nts the* 
ammonia f(*rmentatie)n is ae‘ce»mplisheMl with j^u’e*at in* 
tensity, aiid all of the* nitre);^e*n e*hane.C‘‘'^ to ammonia. 
The solid exe*re*me*nts, however, alle>w emly small 
epiantities of ammonia to be* fe>rme*el. As the* {^o*e*ate*r 
eiuantity of the nitre>^e*n in e*xe*reme*nts is fonnel in 
the liepiid portion, the t^re*at loss e)f nilreie^e-n in 
ammonia fermentation is explaine'el; anel, iurtlie*i'me>re*, 
the experiments show that at rathe*!* hiw te‘mpe‘ra* 
tures, and also with the exclusion of all v<*ntila* 
tioii, the es(_*aping ammonia may be e*e>nsielerabhf. In 
the stable, the conditions for ammonia fermentations 


Aanales Agronomiques, 1«93, xix. No. 1, p. 5. 



The Fertility of the Land. 


2;ui 


{ir(‘ favorable than tla^ (‘.oiulitions of tlH‘S(‘ (‘x- 

|)(‘riin(‘nts On tli(‘ inanni’t^ tin* eondit ions 

iuv l(‘ss favoi’able to this (hnadopnaait of aininonia 
tVruKaitation, (‘S|)(M'ially with ^ood ])ji(‘lvin^^ and sutli- 
(•i(‘nf moisfnn*, wlien only tin* toj) lay(M‘s aiv in- 
volv(‘d. 

On tlu^ top of Mi(‘ niannr(‘ pih% howev(‘r, i*(‘a(‘- 
tions tak(‘ pla(*{^ wld<*h briii}^ about tlu^ (‘S(*ai)e of 
fria^ nitro}^r(‘n, Iba-e is wlnax' the proe(*ss of nitri- 
tieation b(*<;*ins, and, ninha* (M‘rtain (*onditions, de- 
velops j^nsat stnai^dh. I Iold(‘ll(‘iss eabadati's the loss 
of nitrogen from tin* niannre ])rodn(*(‘d by (aittle, 
in oiu' yoiiv, to be 1().<S kilo^'rains (db.O imiinds), 

and found that 2d. 4 p(‘r e(Mit of the total nitroj^en 
in tli(‘ manur(‘, wlnai phuMal on th(‘ manure pil(*, 
had (‘S(*ap(‘d. 

How ean the losses in tin* stable and on tin* 
manuri* pile la* r(*dueed to a minimum? The mi'ans 
whieh the author diseusses are both meelianieal and 
(‘henii(*al, and thesis now follow: 

Straw. — In an <‘xperinient with sheep bedded with 
a very lar^e amount of straw, Miintz and Girard 
found that but 40 per eent of the nitrojjfen taken 
in as food was lost, while without straw the loss was 
59 pt‘r eeut. Wln‘n but an ordinary amount of 
straw was used, the loss was 00.2 i)er eent. Straw 

is thus seen to have a eertain althou<?h not very 

marked inllu(*n(*e in the eonservation of nitrogen. 

Mu(*k was compared with straw in an experiment 
witli horses. The former showed a loss of 44.087 
kilograms (90.991 pounds) of nitrogen, while the 
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latt(‘i* slio\v(‘(] a loss of .)S.04»1 kiloj^raiiis (I'JT.dlM 

})onn(ls) . 

Martli. — With a saiuly (‘arth, iM-opn-lN ])rr|>a!V(l 
(hrird ill tli(‘ air and passrd lliron;^di a l.o «*in. 
f.T)!) iii(di(‘s] Tiirsli), I1 h‘ rxpt'rinirni was niadr with 
s1mm‘p and coinparrd w’itii tin* l•(‘snlts with stiaw. 

It was found that with rarth tin* loss of nilroi^-m 
taken in tin* food was l!o.7 per cent, while that with 

straw’ (as liefore note<l) was .>().- p«‘r eeid. 

Till" eonijiai’at i v(‘ ejlieieiiey of sneh materials when 
test(Ml for tlieir pow'er of me(dianieall\ ahsnfhin^ 
volatile aininoninni eai’honate ( | N 1 !» I d 4 ),) residt<Ml 
per kilogram of snlistanee as follows: 

Card. Mi soil ■> irnuii^ tak. n up. 

KiMlTll “ 

Muss muck 

l‘cat mold It 

It is tlins s(‘en that tin* linmns soils and moss 
preparations are of ^reat import anee. 

Ill addition to thes(* experiments, Miintz and 
(firard tested in the laboratory the etlieimie> ot an 
eartli eoverin^ ov<‘r fr<*sh mannn* as a pre\enti\e 
of ammonia losses. Tin* experiment exelmled all 
ventilation. Under ^lass was plaeed ii’esli e<»w’ ami 
sheep manure, 3 kiloj^rams (ti.h |)onnds) of eaeh, and 
in eaeh ease one sample* w’as <*e>vered 1 em. (.7H 
ineh) deep wdth earth, wdiile the other was left, 
nneovered. The ammonia developed durinf; tin* four 
months of the exj^eriment w’as fixed in standaidiz<*d 
sulfiirie acid. The uin*overed eow manure show’(*d 
that 142 milligrams (2.1868 grains) of ammonia had 
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es(*a])(Ml, while the uiK'overed sh(‘ep iiiainirt? sliowed 
1,642 iiiilli<,n-ains (23.2868 fifrains). Tlie ('ovtun'd cow 
iriaiiure sli()W(*d that 10 inilli‘>^rains (.134 grains) ot 
aininonia liad (‘S(*aped, and tlu^ (*ov(‘r(‘d sheep ina- 
inu*e sIi()W(‘d 128 inilli^rains (1.0712 grains). This 
exp(*riin(ait sliows liow an insi^niilhsant (‘(nan-in*^ ot 
earth can i)r(‘vent tli(‘ loss of ammonia. Miintz 
and (lii-ard advis(‘ tla^ farmer not to sell his straw, 
and in Wvn ])ro<mre mnek, ete., for use u\ the 
stable and on th{‘ manuiH^ pile, ])iit to use the 
straw, and mak(^ jndieioiis nse of the powers of the 
other mat('rials. 

Lime. —The ns(‘ of lime was found by iMiintz and 
(Jirard to ae(*elerate the ammonia feianentation. 

Thomas sla^. — llohledeiss found that th(‘ nse of 
Thomas slajif had th(‘ same effe(*t as the nse of lime, 
due, iii all i)rol>al)ility, to the not insi«^niti(*ant quan- 
tity of lime in the sla^. 

Sulfate of iron (eopperas). — Miintz and (Jirard 
found that on the addition of this sulfate of iron, 
a eombination was formed, resulting finally in the 
produetion of ammonium sulfate ( [XIl4]aS04) , a 
non-volatile ])roduet. It was not, liowever, men- 
tioned by Miintz and Girard that the large quantity 
of iron freed in the produetion of this ammonium 
sulfate eould bring about the insolubility of the 
phosphorie aeid in the manure. 

Gypsum (plaster). — This material acts in the man- 
ner of sulfate of iron in that it causes to be pro- 
duced ammonium sulfate ([NIL] *804) and calcium 
carbonate (CaCOa). But these reactions are not 
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carried to tlie cud. The ealeiinii earl)onat<‘ 
in turn elianj^es tlie ainmoniiiin sulfate* ( I N ll^J .S( )J . 
In all such cas(*s \vh<*re ^^ypsnin was used, all salts 
])()ssil)h* from the* eh‘inents involv(‘d wen* })ro(hieed, 
iianM‘ly, calcium sulfate* ((’aSOj, ammonium sulfate* 
( [Xll4]2S()4) , calcium e*arhe)nate* {(’aCO,) ami am- 
meuiium carl)e)uate‘ ( . The* last me'utiemeal 
salt always re'tains its ve>latih‘ iiatui-e*, aiiel whe*n 
alle)we*el te> e*scape* was <*e)nt inually fnrme‘el. 

Kaiiiit (soelium anel |)e>tassium chlorieh's) . — Kainit 
is su])posed hy Miintz anel (Jirarel to have* the* sanies 
inHue*ne*e on amme)nium e*arheuiate* ( f XllJ.I’Oj) as 
Ky])sum doe*s, e)n a(*e*ount ed’ the* ma«,nH*sium it e*em- 
tains. Imme'ueleertf eloe*s met a^re*e* with this, anel 
thiiiks the* ammeenium anel ma;^ne‘sium salts re*aelily 
form de)uble salts, hy whie*h a weake'niiij^ of the* te*n* 
sie>n of the* ammemium carhemate* ( | XI h] J ’< ),) se*ts 
in. The* possibility of the* fixation e>f sennet amme»- 
nium in the* pre>elue*tiem ejf ammemium anel ma^nn*- 
sium phe)sphate*s is allowe*el by Miint/ ami (Jirarel. 
One ve*i*y im])ortant pre>perty e)f kainit is not me*n- 
tioned by the*se* authe)rs. It is the* pre>p«Tty of this 
salt to retard ferme*ntations, anel, stre‘wn in pre>per 
(piantities in the stable, where* the* le)ss is ^o’e‘ate*st, 
it will allow blit little* fermentation. 

Superphosphate. — This substance, e-emtaininj' small 
quantities of fre*e [ihosphorier anel sulfurie* acids, 
acts direx'tly on ammonia through the*se* ae*ids in fix- 
ing it, and indireedly through the gypsum it con- 
tains. This latter action has alreaely been explained. 
In Germany the mo.st valuable chemical conserving 
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materials are eonsid(a*<‘(l to he superphosphates, ricli 
in fre(' ])]iosphorie- aeid, and kainit. 

Kxp(‘riments in the laboratory w(*re eondueted 
with three sani])les (\‘ieli of (*ow and sheep manures, 
the snm(‘ amount ii» ea(*h (*as(‘. To one s{nn})h‘ noth- 
in^^ was a(ld(‘d, to anothm* sulfate of iron, and to 
th(‘ third j^ypsuni. Tin' six snmples, placM'd in elost'd 
V(‘ss(‘ls, W(‘re nllowed to fei-ment tVom May 27 to 
()(‘tol)(‘r S, hSSd, and tlie ammonia fornn'd was i\\od 
in stninhirdized sulfurie acid and d(‘t(‘rmin(‘d, with 
tin' followiii}^^ results; 

('ow inaiiurr, Slioop manuro, 
loss of nitroj;;»*n. loss of iiitro>;oi»- 
t’rains. rains. 


With nothing 112 1.042 

“ sill fiitt* of iron (ropporiis) OS.") 1.002 

“ “ liiiu; (>j:yi>suin) 0.V2 .400 


A set'ond exjieriment was (‘oudueted under simi- 
lar ('onditions; 


Kscapod ammonia, 

in (jrams. 


6 (lays. 12 (lays. 

21 days. 

31 days. 

54 days. 

200 0 . cm. cow urinc', 

Tiothioi: added 121 

200 c. cm. cow iirim', 

.001 

.050 

La-iO 

with 2 K- • -072 .105 

..TIO 

.570 

.805 


The experiment shows that gypsum lias a conserv- 
ing effect, but cannot by any means conserve all 
the ammonia. Air currents were not used in either 
experiment. 

Experiments in the sheep stable were conducted 
with sulfate of iron in small quantities. Twenty 
young sheep were bedded during 21 days on 30 kilo- 
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^i:raI^s ((>() jxmnds) of straw, wlii^di from timo to liim* 
was strewn with sulfate of iron. Durinj^ tlu‘ wlioh‘ 
of tlie (‘Xp(*riment , (> kilograms ponnds) of snl- 

fate of iron were used, or lo j^rams (.o‘J onnees) p<*r 
animal pei* das . The result showed a loss of IM.o 
per cent of the nitroj^im taken in with the food. 
In pn‘vions experiimaits, to determine the proportion 
of loss of nitrogen in tie* stable to that <Mmtaiii(‘d 
in the food, the hisses were not ^c»''‘atei* than in 
this (‘xperiment, showing that the sulfate of ii-oii in 


small i 
loss. 

ijuantity had 

not 

tin* power 

to reduet* thi 

The 

same kind 

(►f 

j'Xperifiients 

were eomluetet 


with slieep, nsin^^ gypsum. Twenty youn^^ sheep 
were used foi* -1 days, ou dO kilo;^n-ams (hh pounds) 
of straw, and eveiw 4 or d da>s ;^\psum was strewn 
a])out. The total j^ypsum used was TJ kih»^rams 
(2G.4 pounds), or 40 j.^rams (l.Ol ouuecs) pn- animal 
p(U’ day. The result sliowed a loss of Ih.l per 
<*ent of the niti'ojrcii taken in with the food. In 
a second (*xi)erinumt the ^^ypsum was iiiei’eased. 
Ten sluM*]) were used for ‘J1 days on 40 kiloj^rams 
(HS j)ounds) of straw. One kiloj^ram (2.d j)ounds) 
{'yi)sum was used daily, or 100 ^oauis (d.dd onnees) 
per animal pfu* day. The result showed a loss of 
dd.9 per eent of the nitrojr^ai taken in with the food. 
Previous experiments, with lU) eovei-in^^ matei’ial otlier 
than straw, showed a loss of dd.d jku* cent of tin* 
nitroj^en in tlie food. It is se(*n that the larijfer 
quantity of gypsum prevented mu(di ammonia from 
escaping. 

Q 
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Tlio caiiso of the slijifht efToet of small quantities 
of tliese ehemienl iiiti*o}^(‘ii-eons(‘rvers, mikI especially 
of the sulfate of ii‘ou, has hecui thoroiij^hly set forth 
by Miiiitz and (lirard. Fresh maiuires from herbivo- 
rous animals possc^ss a very hij^h alkalinity, dm% in 
f^eneral, to the lar^i^ (piautities of double potassium 
(‘arbonatc^ in the urine and the i*ather lar;^e quantity 
of ealeium carbonate in the solid exc'rements. This 
alkaline reaetioii of tln‘ exerements is oii(‘ of tln^ 
<*auses rciardiuf'f the a<*tion of elnnnic'al eonservinp^ 
ayfents. It is to be rejjfardiMl, say Miintz and (lirard, 
that aec'ordinj^ to \V(‘ll known rcsaetions, sulfate of 
iron, gypsum, kaiiiit, supc‘rphosi)hat(*s, c‘t(*., must neu- 
tralize' the* fixe'd bases, whieh are' in tin' manuiv in tln^ 
form of carbonate's, be'fore the*y are' able' to bind the 
ammonia. The alkalinity of various exe-remeuts was 
dete'rmine'd by the' amount of sulfuriee acid whieh 
one' kiloj>:ram (2.2 pe)unds) of the exe're'inents in 
question would neutralize, and resulted as follows: 

(iriims. Av. of de- 


torminiitions. 

Ilorso innnuro (solid and liquid) 4 

Cow and oxen inaiuiro (solid niul li<|uid) .'{.(»4 7 

Shoop uiamiro (solid and litpiid) 4.21) 4 

Ho^ luanuro (solid and liipiid) 2.02 2 


In another experiment, eomparin*]: the alkalinity of 
the solid and liquid exerements separately, on the 
same basis as above, the followinc^ results were ob- 
tained ; 

Urine, Knim.s. Dung, 


Horse a. 4 seeinin^^ly neutral. 

Cow 6.8 2.59 

Sheep 14.26 1.88 



Ernuowira of (\nfsrrvitiff Vitffriol. 


243 


Miiiitz and (iirard <M>nsid(*r that tin* |)r(>|)(‘rty of 
snlfatt' (d’ iron in hohlin;^^ annnonia is proportional to 
tlir anionnt of tlh‘ snlfnrir acid it (‘ontains, or ahont 
20 ])cr (‘(‘lit of its W(‘i‘^lit. They then calcnlatcd the 
followiii}^^ ta))lc: 



Aiii-.iint <■( 

Avr. 1..SS 

<i| 

S:.H,.Ir 

I ■■l.il <.iill.iir 

M.n.ur,-. 

UMioire in 

aii.i.i'i .1 i ;< 

ir.ii. 

ir‘<n t" 

1 . 1 ir.Mi nr. ■ 

It,-.. .... 

in st.il l..,in 

I.H,- «llll 

wi...!.,-- 

e sai V, in 


.1.;. < 1 |.| 

It s 

.Mune ti 1 a. 
ui 11^. 

..Ik.il Willy. 

11. 

ll,s 

Hot'!'*' I 1 ,2ia n*s. 1 . 

. . . L'-. I'M! 


:{*J4 .1’h 

IJl.U 

I4:..72 

( '((w ( 1 .a'ja ll>s. ) . . . 

... ‘Jr.. CSC 

iui.ru 

i.ir.i.co 


i..vj7.n; 

slic. p t'.ia 11. >. 1 . . . 

l.TOc 


17a. 

au. 1 } 

La t. a.. Ml 


Tile eiiornions (piantitics of sulfate of iron are tin* 
niininia necessary to hold all the ammonia, and, in 
j)ra(‘tiee, still lar^^er (piantities would certainly he nec- 
essary to an’ive at the dcsii’ed results. The prici* <if 
this sulfate of iron would he almost two-thirds of 
the valu(‘ of the conserved nitr(»^en. 

Tin* authors think that the same results would he 
had with kainit. lioth suhstanees would, hy the fact 
that the alkalinity of the manure is destroyed, hin- 
der tin* rotting of the manure, and thus cause 
less(‘nintr of its value. 

With the data from their ex|)erinients, Miintz and 
(iirard come to the comdusion in n‘;^ard to the use 
of ehemi(*al niti’oj^en -conservinj^ agents, that "on ac- 
count <»f the presence of fixed bases, too larj.(e quan- 
tities of such ac'ents must he ns(*d, so tliat the ^^ood 
to be derived from their action is in a lar^e incasnre 
lost.” 

With superp]io.sphate, Miintz and (iirard did not 
experiment in this way, and Imniendorff is of the 
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()])iiiion that since inueli smaller ({iiantitit's of this 
are n(M*essary, at the prescmt ])rie(‘s it may \)o usvd 
to advantai^e under certain <*onditi()ns, either jdone 
or with kainit or otlaa* potash salts, as thes(* lattei’ 
are snppos(‘d to r<4ard ammoniac'al tVrmentation. 

From tli(‘ tor(‘^oin‘^ discmssion in lmm(‘ndoi*tT’s 
pai)er, it is sate to eon(*Ind<‘ tliat, jdl things eon- 
sid(‘r(‘d, nothing lK‘tl(‘r than dry tairth containiii<^^ a 
lar^e p(‘rc(‘nta^^(‘ of humus lias yid. heiai found for 
eonservin^^ nitrogen in th(‘ sta))l(‘ and in the ma- 
nure heap. VVhih^ ‘^^ypsnm is valnahh* for this pur- 
pose, there are many loealities whei*(‘ it (*annot he 
(‘asily pi'ocured, and in any eas(‘, its lirst I'ost is ('on- 
sid(‘ral)l(‘, while humus and (‘arth luv almndant on 
most farms, and ean always he scMUinal and stored for 
ns(^ at a nominal (*ost. It is ^•ratityin} 4 : to know that 
the farmer has always at hand tlie nnams of prt*- 
ventinjx larjjfely the h^ss of nitro^vn in harn manures, 
means whiidi have hm-etofon* htani left almost en- 
tirely unused, althoujifh the valm^ of the, dry-i‘arth 
closet as a sanitary aj>:ent is well known to tidy 
farmers. 


EXPLANATION OF NITRIFICATION.* 

Nitrogen in the form of nitrate is generally re- 
p^arded as the best kind of nitrogen -food for ])lants. 
Nitrates are compounds of nitric acid with metals 
or bases, as potassium nitrate (KNO3), sodium nitrate 

* By George W. Cavanaugh, Assistant Chemist in the ( omell Experiment 
Station. 
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L>4:) 

(NaXOj. cah'imn ((’a[N<)J,) and aniinon- 

imri nitratr (NI^NO,). Plants obtain tlicir nitric 

acid by absorliin^^ (1) tlic nitrat«‘s tliat arc already 
presmt in tlic soil; (2) thos(‘ that ar<' carried down 
t<» the soil tVoin tlic air in rain and snow; (.‘O 
tlios(‘ that arc applied artificially in Tcrtili/crs, and 
(4) tln>s(‘ that arc t'ornnMl in the soil tVom the iiitro- 

^n*n of (Mher substances. As is well known, all oT 

tin* niti'o^uui that is applied to the soil t‘oi* 1‘crtil- 

i/iii^- ])ni-poscs, (‘spi'cially in barn niannrcs and •^n’cen 
co\rr crops, is not in the t'orni of nitrates. It may 
be eillnr in the form of ammonia (Nil,), or of 
iiior** complex or^miiie eoniponnds. It is \(‘r\ prob- 
able, howevef*, that bi-fore it is taken np by the 
plant, the or^^•^nie nitrogen is <‘hanj^n*il first into tin- 
form of ammonia (Nil,), and then into nitim* a<'id 

(IINO,). Tliesi* «*han^n‘s all take place thronti:h the 
a‘ 4 :eney of miero-oi'^anisms or termeiits, and that 
paitieiilai* proi-i-ss in whii-h the nitro;.^<‘n of tin* am- 
monia is i-hanj^n-il into nitri<* acid is ealh‘d nitrifii'a- 

tion. This (*han^n* is accomplished by the joint, 
action of two .si*parate oi’j^anisms, one of whieli 

(‘lian^’is the nitro^(‘n of ammonia into nitrons ai*id 
(UNO,), wliile the otln-r e|ianj^<*s tin* nitrons aeiil 
into nitric acid (UNO,). f*<*rha|»s a i*lean*r idea may 
be obtained if nitrification be considered as a pi'oeess 
sonnnvliat eonipaiable to the fernn-ntation l)y yeast.* 
In the ease of the yeast, part of the ear’oon of tin* 
su^^ar is lilierated as earbonie acid ^as, or earlKin 

♦This comiiarisoii is only to oniphavizo thf fafi to tti« gen^'ml reailf-r 

that nitrification is a biolotrical pr<Kre«». 
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(lioxid (COa), while the iiitrityint' organisms eliaii^e 
tlie iiitro^(‘u of aniinouia into nitric*, arid (11X03). 

Tli(^ (‘onditions that ai‘e requii-ed for tin* d(*vel- 
opnient of nitrifyin<jf orj^anisnis arc^ tln^ j)r(‘sen{*(* of 
(*(n*tain food (*onstituents, h(‘at, moisture, oxygen, and 
some base to n(*utralizc‘> tin* nitric* a(*id as it is 
formc‘d. It is also nc‘c*c‘ssary that the* soil lx* slightly 
alkaline^, but too mnc*h alkali rc‘tai*cls thc^ prc)c*c‘ss. 
The nitrityin<jj organisms rcMpiirc* (*c‘rtain substanees 
as focxl, amon^ whieh phosi)horic* arid is most impor- 
tant. It has b(‘(‘n found that without phc)S])hoiie 

aeid thc‘re c*au be no nitritic*ation. This may be one 
of the rc‘asc)ns why phospluites show bc*nelic‘ial rc*- 
sults whc*n applied to some soils, as w(‘ll as furnish- 
iiifi: plant -food diivetly. The thive c*onclitions whic*h 
exert a markc'd iufluenc*e on nitri 1 ic*ation, and whieh 
in a‘>:ric*ultural pi‘ac*tic*e are more or less intimately 
assoeiatc'd, are licnt, air, and moistuiv. The proc*c‘ss 
is most rapid during warm weather, in presenc*e of 
suflieient air and moisture. Here, then, is one of 
the reasons why thorou<^h tillage is essc*ntial. The 
looseniuj? and pulverizing of the soil allows the 
admission of the necessary oxyjxeu, and rej^ulates 
the supply of moisture. If the soil is very dry, or 
is Hooded with water to the exelusioii of air, nitrifi- 
eation is retarded, and may be permanently stopped. 
In this eoiiiieetion, it is interesting to note that in 
pasture lands, whieh receive no tillage, and, conse- 
quently, are incm) impervious to air than cultivated 
fields, nitrites, or compounds of nitrous acid, are 
more abundant than nitrates. 
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The final product of nitrilicnt ion is nitri(‘ acid. 
But tlie nitrifyinjjf orj^anisnis cannot develo]> in the 
presence (d‘ a fna* acid; lioiier the hcnelil of liniin^^ 

sour soils. T1 h‘ linn‘ <*ornM‘ls the sc)uniess of (he 
soil by neuti;dizin^ (he frei‘ aritl, and then if (la* 
()th(‘r conditions of heat, oxN^ren, moist uim* and food 
are favoral)h‘, nitrilieation may pro(MM‘<l. 'riiere must 
b(* an (‘xei‘ss of lime appli«‘d ovrr and above tln‘ 
amount n(*e(*ssary to eorreet (la* aridity of the soil, 
to neutralize* tia* nitric acid as it is lbrna‘d. \Vla‘n 
the lina* cond»im*s with nitric aciil, tla* reaction <*an 
be (*xpress(‘d by the followiii}.C <*<iuation: 

CiiCih 2HN(), NO,), ('O, ; 11,0. 

Om* part of calcium carbonate ((’a(’<),) re‘ae‘ts 
with two ])arts of nitric acid (II.VO,) to form om* 

part of calcium intrate* (( ’a | Nt bj . ) , om* part ot 

(*ar])oii dioxid (CO,) and om* part of wat<*r (11,0). 

In this ♦•(piation mild lina* (calcium carlauiate*, 

CaCO,) is us(‘d, la'cause this is tla* form e>f lime 
most favorable for promotinj^ nitrilicat ie>n . Whim 
caustic or hydrated lina* (Ca[011]J — that is, water- 
slaked lina* — is ai)plie*d to soils, it may act emtr- 
pfctically, tending' to d<*<'ompos(* ami i*emh*r available 
the insoluble compounds of potash. True*, tla* caustic 
lime may have at first a retarding <*ffe*e*t on nitri- 
fication l»y renderinjLC tla* soil too alkaline, but ex- 

posure to the atmosphere seeon converts it into mild 
or air-slaked lime (CaCO,). when it is in its best 

form for promoting nitrification. 
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Wli(‘iievoi* the soil is in a eouditioii nnfavoral)l( 
to nitrification, tlierc^ is danjifcr tliat not only may 
nitrates not hi; forim^d, hnt that th(‘r(‘ will lx* a loss 
of nifro^(‘n from tliosi; nitrates tliat nniy he j)r(*sent. 
Tiiis loss is due to a pro(‘ess known as denitriti- 
<*;ition, VN4iieh is also d(‘])endent on iniero-or^anisms. 
Tlu; denitrifying organisms floniMsh nndm* one eon- 
dition whii'h is din^etly o]>|)os(‘d to th(‘ eorrespondin^ 
eondition fav'orinj^ nitrili(*ation, — namely, the ahsenei^ 
of oxy^(‘n. rnd(‘r that eomlition th(‘ nitrates may 
lx; r(;du(‘ed or (dian^Trd hai'k to nitrit(‘s, and tlx* 
nitrit(‘s nri; oftiMi fnrthm* rixlmaxl till tlxw lose their 
nitro^’mi hy having it pass off into the air as j^aseons 
nitro^mi. 

I)(‘nitriti(‘ation may take ])la(*(‘, tlx^ndore, in water* 
lo^^^^xl soils and in th(‘ inner pxrts of mannre 
piles, wlu‘re <Mir is measurably (‘Xi'lmhxl. 

The organisms found in th<‘ tubercles on the 
roots of clovers and other h‘"nmes are not the or- 
ganisms that produce nitru* acid. Tludr oflice is to 
fix or seize upon the free nitro^^en of the air. 

♦This subject is discussed from the horticultural staudpoiut in Bailey’s 
Forciim-Hook, p. 62. 



CIIAPTHR XL 

THE VllOSPilOlUC A(in A\n roTASII SWELY. 

Tiik amounts and availahilil \ of i1h‘S(‘ two mineral 
(‘lennmts of plant IIL* vary ^MN*at!> in s(nls. It is 
(*vid(‘nt that tin* lands fi’oni wliirli (•i*(H)s havo hem 
liarv(‘st(‘d Ln* a scrirs of yrars, and tln>so wlii«’h 
liav(* l)(‘(*n d(‘Vot(‘d to |)asl ui-aj^n*, must contain hss 
of tln‘sr‘ iniiKM’als tlian they did wlicn first r«‘clainn*d 
fi'oin a stat(‘ of nature, and this is true even when 
the most i)ainstakin^ effort has been made to return 
to tin* land the refuse material and manures r<*sult' 
iii}^ from e]*o|)s and animals, for it would l)e impos- 
sihle to redurn all that had l>een removed, sima* 
there woidd lx* no ohj«*et in harvestin'^ crops or 
keepin^^ animals unless their edi))le or eomifiereial 
|)arts were used or sold. Therefon*, no matter how 
economically the native supply of thes(* elements has 
been conserved, or how skilfully the elctnents have 
been made j'radually available, tin* time must conn*, 
sooner or later, when the native supply will be so 
diminished as to require additions from outside 
sources, if full crops are to be maintairn‘d. 

HUSBAXDIXtJ THE MIXERAL PLAXT-FOODS. 

The problem which should first arrest the atten- 
tion of the husbandman is, how much phosphoric 

( 249 ) 
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jicid tiiid i)()tash must bo oarriod in the soil, and 
how iniudi may be taken out without reduein^ the 
reserve b(*low tlie |)rofitable standard. And it re- 
((iiires no little skill to solve this ])robhnn. This 
is followed by a ((uestion e(|ually dillhailt: Ilow best 
to make available, and wlien onee jivailable, how to 
(*aptiire and liold the mineral matter whieli it is pro- 
posed to nmiove. Sliall drain tiles, or plants wliieh 
are able to thrive on ^'tou<>fh’^ food and to transform 
it into that wliieh is ^'timder,’^ or better implements 
of tilla^jfe, one or all, be used to force the harvests 
from the " faee-sw(‘atin^, stubborn j^lebef’’ 

How far shall we ^^o in our endiaxvors to make the 
dormant minerals soluble f If they are made soluble 
by tillaj^e and other means, they pass but a short 
way into th(‘ soil before they unite with bases, and 
aj^ain become insoluble. Shall the etfort be to pro- 
(»eed only so far with tillaj^e as will t^ive the plant 
opportunity to set free its own mineral food by the 
ai'tion of its roots; that is, make the material in 
the soil available ? The question is not answered 
when w'e dod^e behind the word ^available,’^ for how- 
ever available the food may be, if there are not suit- 
able roots and rootlets, or enough of them, to take 
advantage of the food prepared, or if the rootlets 
are not made comfortable, the full power of the soil 
cannot enter into the plant. 

Most soils carry vast amounts of phosphoric apid 
and potash (see Tables I. and II.), much of which, 
under careless or even ordinary tillage, appear to be 
nearly or entirely useless. If the tables in the last 



Mvdijvr YitiiJs of Vropa. 


i:a 

Census Ke])()rt are seanned, it, will he se<‘n llint 
(‘itlier the soil in the United Stat<‘s is carrvin^^ hut 
little available plant-food, or that tin* skill has not 
been a(Minired to inaki* the* stores availabh*. An in- 
spe(*tion of tin* tinlds, and als(» of the tabh's which 
^ive the nuni(‘rous analyses of soils nia<h* in this 
(‘ountry, compel tin* conclusicm that the nica;4’ci’ aver* 
a<^e yield of crops is not dne, in a majority of 
(‘ases, to a hn-k of mineral constituents in the soil, 
nor to any unusual combination with ba.^cs which 
inij^ht caus(* tlami to In* so lii-mly held as to make 
their lil)eratiou (‘Xtr(‘mely dillicult. 

Most of tli(‘ land in tlu* United States has been 
under cultivation h‘ss than one humb'cd years, — 
extended areas less than lifty years; yet the culti- 
vation of soim* of tin* more exact in;^^ r*rops, as 
wheat, has ]H‘(‘n a))andoncd iu many localities because 
the availabh; supj)ly of plant -food in the soil under 
present ]m‘thods of tillaj^e is less than is i‘e(piir<‘d 
for a j)rotita))le yield. In some localities, wheat 
f^rowin^ has l)een abandoned la'cause the production 
of «:ard(‘n (!roi)s or milk and fj'uit is foufid to be 
more remumu*ative than the «^o*owinj,' of cereals. 
The average production per acn* of soim* of the 
crops substituted for wheat is so’ small, — potatoes 
for instance, — (tlu^ average yield in New York, bSH!), 
was 68.8 ])u.shels per acre), that it is conclusive evi- 
dence that the land, after less thaii a eentuiy's use*, 
is seriously depleted of its life-j'ivin^^ elements, or 
that villainous methods of tillage and jilant protection 
have been and are in vo^ue. There is abundant 
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evidt‘ii(*e to provo that tli(i fault lies inon* lai’t^ely 
with the tiller of the soil than with the soil itself. 

For a supply of tlu^ luineral eoiistituents of plants, 
both home aud eoimmu’cual source's art' open. Tlit^ 
home supply is found in tht^ soil and the refuse 
material of the fai*m, which latt(‘r may be augmented 
l)y [)in*eliased animal- foods. Stress should first bt' 
laid on (*ous(‘rvin;if tht^ mineral (‘h'lm'uts which have 
onet* entei't'd into orj^anit' sulKstanees, for smdi mattt'r, 
liavinj'f oiK'c entt'rt'd into plant and animal lift*, is 
(‘asily broken down and math* available for sm't't'ediii'.r 
life; oi’, in other words, mineral mattt'r wliit'h has 
r('eently b(‘(‘n math' availabh' and list'd by plants 
may be math' iv-availabh' more easily than that whit'h 
lias nevt'i* bt't'ii list'd. 

The iK'xt tht)U<»’ht is tt) tit'kle tin' soil with tilla^^', 
and see if it will lauj^h with fatness; if it dtx's 
not, apjily somethin^: whit'h will awaken it mt)re 
etfeetually. If by the use t>f etimparatively cheap 
substant'cs, as linit' anti ^^yiisum, tlu* phosphoric acid 
and potash can be oustetl anti math' available moi*t^ 
t'heaply than they <*au be bou^^ht toi* the land, then 
these eht'ap substanees shtiultl be used, for they 
usually not only set free plant -food, but also improve 
the physical eharatder of the soil, and sometimes 
serve as rej^idators of soil moisture. 

As has already been stated, it is manifestly im- 
possible for every farmer to liave the soil of even 
a single field analyzed; mueh less can he have a 
chemical determination made of all the fields, or 
portions of ’ fields, of the farm, and even could this 
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1)0 a(M*oiii])lis]H‘(l, t]H‘ (linicnll probliMii of ]>ro(hn*l ivil v 
would 1 )(‘ only ])artially solved. The dillijudties 
in(‘t (‘V(‘ry day in ev«‘ry held ean h(‘st he overcome 
hy inei'(‘asinji; tlie faimier’s |)ow«*rs of ohser\ at ion , 
hy d(‘veloi)in^^ Ids judgment and )>> snpplsiim^ him 
with (deai*-('nt seieiitilie. facts, that h(‘ ma\ hasc a 
]>asis for drawinjjf eorr(‘et <*onelnsi(ms from what he 
ol)sei*\(‘s. In farndn^^ as in reli^^ion, salvation is 
worked out thi'ou^h j)ei’s<mal elfni*l , illumined hy 
knowh‘d<4*e, and direet(‘d aeeordiim^ to the laws or 
mod(‘s of action which ;;overn the suhjfct inves- 

ti<j:ated. 

Since |)hosphori(* acid and potash h'acdi (ud (d 
^ood soils in only (‘Xtremely small quantities, it 
would s(*(‘m af lii'st thouj^ht that the presmie^* oj a 
liviuj; plant would not he necessary to (‘ons(*rve them, 
as in th(‘ eas«‘ of nitrojj^en : l>nt it these minerals 
liave IxM’ii niad(‘ availal)le l>y tilla;4'e or 1 »n amend- 
ments to tli(‘ land, and if they are not used, they 

tend to ht‘eonie unavailahle a^ain as time passi-s. 
Trin*, while tin* natural forces are tendiim to h»ek 
up sonic of tlie mineral plant -food which has been 
made easily available, otln*r torces may )m* liherat- 
iiif^ plant -food whicli liefore such action was nn- 
availa))le. For instance, the natural forces are con- 
stantly ai'tive in hnaikinj^ down rock, sand and 
orf^anie matter, and they arc ecpially active in con- 
serving or lo(*kin^ up any ot the mineral constitu- 
ents which have been made soluble. Since plant 
roots set free or make soluble the availabh; min- 

erals, cover crops should be used extensively, not 
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only for covorinj? and slladin^^^ the* land, but for 
their vnliie in settin/i: fr(‘<5 the inine^rjil ('onstitiK'iits 
of Mk* soil. Wh(‘re |)i*a(*tieal)l(\ ta])-i’oot(‘d plants 
should b(^ us(*d for this pn]*])ose, sin(*(* they are not 
only as aetive* in lib(*ratin<]: ])lant-food as tibi-ons- 
rooted on(‘S are, if not more so, but they also brin^^ 
food from the subsoil to tlu^ surfaeu^ wh(‘re the more 
exaetintjf tibrous-i-ooted plants may use it. Tap- 
rooted plants also t(*nd to impi'ove* the sub -drainage 
of t(*nae*ious soils, and to make th(‘m more triable 
by openin^^ up (dianm*ls for the* ])assajj:(‘ of air and 
water downward and moisture upward, wh(*n their 
roots have deeaiyed. 

laiiK* may not only (dianj^e the physieal eondi- 
tious of the soil for the better in several (*hai‘ae- 
t(‘i’istie ways, but it may also a(*t in siudi (*h(‘mi(*al 
ways as to make* dormant jdiosphorus and potash 
available. Salt and soim* other substane(‘s may also 
a(*t in similar ways. (See (1iapt(‘r XI 11.) 

A (piarter of a eentury sima*, <j;ypsum was largely 
used ill the (*(*ntral states with marked benefieial 
results. In latt‘r y(*ars its use lias de(*reased, because 
there is less potash iu the soil. Farnu*rs have* taken 
the potash from the soil, and have then blann‘(l the 
f^ypsum, instead of taking themselves to task for 
not returning some of the |)otash. 

The charai’teristie action of gypsum as a lib- 
erator of plant-food is brietiy and clearly stated 
by Aikman.* ''Tlie true explanation of the action 
of fr.vpsvnn is to be found in its effect on the 


♦Manures aiul Manuring, 463, 
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doii])le silicates, which it decomposes, tht' potash be- 
inj^ set free. Its action is siniilar to tliat of oilier 
lime compoumls, only more i*haract(‘ristic. As a 
manur(‘, th(‘r(‘fore, its action is indirect, and its triu^ 
function is to oust tlic potash fi’om its (*ompounds. 
Its jicculiarly favoralde action on clover is due to 
th(‘ fact that clover specially lauiclits by potash, 
and that addin*^^ ^^ypsum pra<*ti<*ally amounts to add- 
ing potash. Of course, it slnmld be borne in mind 
that the soil must (‘ontain potash compounds, if 
t^ypsum is to have its full elT<*ct . Now, however, 
tliat potash salts suitable for manuring j)ur})oses are 
abundant, it may well be doubted whcth(*r it is not 
better to apply potash din*<*tly. Furtlnu-, it must be 
borne in mind that j^^ypsum is apj^licd to th(‘ soil 
whenever it receives a dressing of superphosphati^ of 
lime, as g^ypsum is one of the products formed l>y 
treatiiifj insoluble phospliatc* of lime with sulfune. 
acid.” 

He who utilizes, as conditions will permit, lime, 
g:ypsum, salt, plants, drains, manures and extra till- 
ag:e, may still find that the land is not as fruitful as 
it should be, because of insufiici(*nt mineral matter. 
Unsatisfactory results may be, and in a lar^^^^ major- 
ity of eases are, due to a lack of full and eontinu- 
ous supply of moisture, and this beinjj so, it would 
be manifestly unwise to purchase [ilant-food, when 
that already available is not fully utilized for hu^k of 
ample transportation facilities. In all eases, pains 
should be taken to discover just what is lacking, ~ 
moisture or plant -food. If the latter, and if an in- 
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effort has bec^ii inadi* to utilize the natu'’al 
and honn^ resoiires, should lx* no lH‘sitation in 

l)nrehasinf^ freely to make np the (h*ti(‘ii*n(*y. Para- 
doxieal as it may appear, those farnims who niak(; 
the ))est use of the liome and natural suj)ply of plant- 
food are the ones who pundiase eommereial fertilizers 
most freely and mostly profitably. 

t'OMPAUISON OF NATIVF SOILS WITH THOSK CULTI- 
VATFl) FOR SKVFRAL VKAHS. 

The followinj^ (piotations are tak(*n from investi- 
L^ations mad(‘ by Harry Snyder, chemist of the 
^Minnesota A^H'i(*nltnral HxperinuMit Station, Bulletins 
dO and 41. Th(‘st‘ publications arc W(‘ll worth a 
most (*ai’(4'nl ])(‘riisal: 

Red River Valley native soils,” he writes, 
^(H)ntain fioni .55 to .40 of a per (*ent of nitro^^en, 
while the soils that have been under continuous 
cultivation for twelve to fifteen years contain from 
.2 to .5 of a i)er cent.” 

Presumably the cultivated soils had been tilled 
without any intervenin<j: nitrogen or humus- produc- 
ing crops. Allowing? that an acre of soil, one foot 
deep, weij^hs 1,800 tons,* the native soil would con- 
tain from 12,6(X) to 14,400 pounds of nitrogen per 

♦The Jissumod weight of an acre of soil is slightly greater than the 
weights reported in the two bulletins above uameil (in a majority of cases), 
but is less in some cases. Most plants secure some of their food from 
greater depths than one foot; therefore, for the purposes of comparison and 
Illustration, the assumed weight of an acre of soil one foot deep is suflQ- 
ciently correct. 
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a(*re of native* soil oiu* fe>ot deep, wliih* tin* culti- 
vated soil would (‘ontaiu from 7,200 to 10,S(K) 
I)ounds iM‘r a(*n*. If the averaj^^* amount of nitro^^(‘n 
in the native soils (lf‘h.)(M) pounds pen* aer*'). and 
the averaj,^e‘ in the* soil aflea* it had hemi cropped 
tw(‘lv(* to lift(‘en years (!).000 poumls pea* a<*re). are 
eompaiM‘d, it will he* sea*!! that lie* soil lias lost 1.500 
pounds of nitromui, or more* than enn*- 1 liii’el (jmssihly 
eme*-half) eif the* nitre>j^e*n whie-h e'onlel we*ll Im* made* 
availalile. 

The* suie'idal prae*tie‘e of reehlnnj^^ tie* rie'he*st of 
soils hy e'eiiit inueeus preeelue't ieni <»f wlle*at , seelel at fl'eem 
50 to ()0 e*ents a Imslie*!, limits tin* e)<*e*ni>aney <»f 
this lanel te> feerty-tlve* ye‘ars, unless ra(li<*al dian^^e's 
are* institute'd. ^Flirou^h pr<*s<*nt ne*e*d e)r pi‘e'se*nt 
i're'cel, the* Ame*rie‘an is s<jnande‘riim'‘ his \aluahle* 
landed e'state's as a disse)lute* son se|nane|e*!’s his in- 
he*ritanee. Fifte*e*n e*ro|)s of whe*at eef t we*nty - live 
hushe‘ls jier acre* reepiire* 525 pe)une|s of nitreemm, or 
one-eiglith of the* amount whi<*li the* .se)il leest durintr 
the twelve* or tifte*e*n ye*ai's e»f erojepiim^. I’liis seeil 
has been so baelly manag'd that it has lost e)ul- 
rif^ht nitreefifen sutheient for 120 e?e)j»s, e*ae'h re*e|uir- 
iiif^ as mue'li nitrogen as a e*r<»p of twe*!ity-tive* 
bushels of whe*at per acre* <ie)e*s. In adelition to 
this, all of the 525 pounds of nitrogen earrie*d off 
by the wheat was sold at the railway station, !ie*ve*i’ 
to return. Whe‘n the amount wasted on a sinj^lej 
acre is multiplied l)y the acres of the vast fertile* 
wheat plains of the west, the loss of nitroe.jeii to 
our country is seen to be so j^eat as to appall the 

R 
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man who looks forward to the genera- 
tions who will want this element in the not distant 
future. 

’4n the uiieuUivated soils there is usmdly about 
5 per eent of humus, while in the eailtivated soils 
ther(‘ is usually less than d per (*ent. The humus 
is V(‘i*y rieh in nitrogen, the imi)ortant l)uilding ma- 
t(n-ial out of whieh the gluten in wlu'at and grains 
is e(mslru('t(‘d; and when the humus deei-eases the 
nitrogmi deen'asc's as well, and is lost from the soil. 

"The (‘ftV('ts ot‘ the humus on the eapa('ity of the 
soil to retain its water and witlistand the evil etfeets 
of drought are mark(‘d; the native soils will retiiln 
about 20 per eent mon^ wat(‘r than th(‘ long eulti- 
vab'd soils, and will not dry out as nsadily during 
the droughty seasons as the older and long (*ulti- 
vated soils. Another important i)oint: Avhen the 
humus is taken out of the native soils, during the 
])ro(H‘ss of analysis, from .OG to .08 of a per eent 
of phosphori(*, acdd is solul>le and assoeiated with it; 
while only about .02 of a ])('r eent is in this form 
with the long cndtivated soils. Phosphorie aeid in 
this form is very valuable as plant- food. There is 
a good supply of phosphates in all of these soils, 

but wo must keep up the supply of humus in order 

to keep the phosphates available. 

"In the analyses reported, the average amount of 
potash is given as about one -half of 1 per cent. 
This is not the total potash that is in these soils; 

in fact there is about 1% of a per eent in all, but 

1% per eent, or over two -thirds of the total, ean- 
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not ])o fouiitrd upon for <to|) pm-posrs, ht'cansf* it 
is (•(>iii])inc(l with silira (sand) in I la* furni of niinntn 
stony |)artich*s, that iHMpnrn the stron^^(‘st nhcinicals 
and tin* hij^liost boat that can he prcM'iirt'd in tlic 
la))oratory to decompose them/’ 

It will thus ]m‘ se«‘n that the j^^reat \alne of Imimis 
I'esides not oidy in its ifiej-easin^^ of the moislni*e- 
holdin;^^ eapaeit\ of the land, hnt in its power of li)> 
eratin;^^ phosphori(‘ acid. While the land eontaiiis an 
iinnsual supply of potash, this mat< rial is present in 
such forms that tin* j^^n-ater part of it cannot he made 
availahle to plants, at least not in tin* n(‘ar future. 



CHAPTER XII. 


COMMERCIAL FERTILIZERS. 


The nso of (‘onnncn'ial fertilizers lias iiiereased s<^ 
rapidly during the last lliirty-hve years that theii- 
tnamifaeture, sale and valine in a^ri(‘ultiire have Ix'- 
eoine of national iinportanee. From small and ernde 
he^^innings prior to LSGO, at whieh dat(^ there were 
but forty -seven small fertilizer establishments in the 
United States, with an output valued at $<S9 1,844, 
the establishmeuts had inereased, by bSHO, to 890, 
and the value of the output to $89,180,844 at 
wholesale.* 

STATISTICS OP FEUTII.IZEHS. 



IHOO. 

Industry and 
wealth, eighth 
census. ; 

: !| 1870. 

1870, Value of the fertili- 

Industry and zers in those states 

wealth, ninth which inanufac- 

census. tured more than 

1 $,'>00,000 worth. 

Establishments 

47 

120 Penna. $1 ,035,204 

Hands employed 

308 

2,501 !N. J... 001,059 

Capital 

$406,000 i 

$4,395,948 ' Mass... 047,700 

Wages 

95,010 

590,816 

700.712 i Md 632,352 

Materials 

3,808,025 

Products 

891,344 I 

! 5.815.118 i; 


♦United States Census Report, 1890. The tables set forth briefly the gro\rth 
of the fertilizer industry by decades during the thirty years prior to 1890. 
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T1h‘ AnH*rit*an fannrrs liav<* paid out for (‘oimiHT- 
(*ial ftTlilizers, durinj^ tin* Iasi thirty-six yj‘ars, inorr 
than (M^lit Imndrcd million dollars, an amount r<jmd 
to tin* value* of tin* <*ntin* \vln*at e-rop of tin* rnite*<l 
States for tin* last tliree ye*ars. Tin* (pn*stion natu- 
rally aris(*s. was this moin*y, in part e»r as a whole, 
wis(*ly and ]>rofital>ly inve*sted ? If this vast ann>unt 
is expended for i)lant-food la-fore tin* arahh* land 
has l)e(*n uiKh*r <*ultivation three-fourths of a <*en- 
tury, on an averaj^^e*, and wln*n, as ye-t, nim*teen stat<*K 
and territories, e'mliraeinf^ more* than om*-half of the* 
land surfaee of the Union, use little or no eommereial 
fertilizers, what sum will sudier ff>r purehasinj' plant- 
food wln*n all the aralde laml has lain e*ro|iped 
for two or three huudi’ed years f Will our nation 
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die in time, as many others have in the past, be- 
cause the laud will fail to produce suffuaent varieties 
and quantities of first-class foods to keep tlie whole 
population on a highly (uvilizod ])lane ? Tlu^ variety 
and (piality of the foods used l)y a people will in 
time determine, more than any other one thin^, the 
heij,dit of civilization or the dei)th of semi -bar- 
barism which the nation will reach. When we ('on- 
sider the rise and fail of nations in the past, and 
look upon the abject poverty, the hun^^er and suffer- 
ing?, the lack of a eomi)etenee and leisure, and the 
utter dearth of innocent luxuries which fall to the 
lot of more than one-lialf of tlu^ inhabitants of the 
Old World, w(^ naturally se(‘k for the cause or causes 
which have produced these (*onditions. The elements 
of food, clothinj? and a competen(*e are found pri- 
marily in the soil; if these elements remain inert, or 
are depleted throu<?h i^noram^e or (*arelessness, no 
abiding prosperity can be expected. 

Is this favored nation to follow in the footsteps 
of mail}" others, and shall we look on with stoical 
indifference while the fertile valleys, the extended 
plains and the wood -clad foot-hills are slowdy but 
surely being transformed into eroded, semi -barren 
and wTed- covered wastes? Are the forty to sixty 
millions of dollars now paid out annually for com- 
mercial fertilizers, after less than seventy-five years’ 
occupancy of the land, an indication of advance- 
ment or retrogression ? How much of the fer- 
tilizer used is applied to badly tilled land which, 
under good tillage, would produce satisfactorily with- 
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out fertilizors ? Has tlio (‘X]H‘nclit nro of forty mil- 
lions of dollars yoarly for comiiha’c'ial fta-t ilizcrs by 
some twenty states notic'ealdy inereas(‘(l the avi'raj^n* 
yield in these states, nr onl\ served to kei-p it from 
falling below tin* avera^t* of <‘arl\ yeais ? In what 
dire<‘ti(m does the road which the American farnu'r 
is now travelin^^ lead, — to j^reater oi* less pro<lnel i vity 
(►f soil ! Will the methods now pnisned make it 
possible at tln‘ end of the Iwi'iilielh emtiirv for 
(‘V(‘ry lioiiest, tempri'ate and industrious man or wo- 
man to earn each day emmj^di to siippl\ the m-ces- 
sities of life and a modest sui’pbis,— -eondil ions which 
may now be reached by iieai’ly all able-bodied farmers 
in Amei'iea / All thest* (piestions ar«‘ worth thon^jht- 
fnl ('onsiderat ion. thouj^h no one may be able to an- 
sw(*r them detinitely. 

It will b(‘ s<‘en how far- reach in<^^ the subj(‘e[ of 
eomm(‘i‘eial fertilizers and eontifim'd pro<lm'tivity of 
the land becomes wlam viewed in the li;^dit of the 
j)ast, and with rej^ani to the welfare of the fntun* 
of onr <'(nintry. It is not enoii^di to say that by 
nsinj' a ^iven amount <d’ feiMilizers on a driven area 
then' will be an im*rease of ero]>, or that such an 
application will be profitable. To tieat tlie Hui)j(M*t 
from this mole- like, immediate-])rofit point of view, 
is to lose sif'ht of the real i>ro])Iem to discussed 
and solved. The real (piestion is, how to use the 
land most wisely, liow mo.st economically to j)roduef^ 
higli-(das.ses of food for the eater, an exbmded va- 
i-iety of (‘heap food for tht* eonsurner wliih? insur- 
iug a profit to the prodiuter, and an increase in 
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tli(? pi*o(lu(*tivity of the land. We who have seeiired 
our farms from an over-kind ^ovc'rnment at a mini- 
mum of cost have no ri^rht to use the soil simply 
for th(‘ sustcuianee of th(‘ ])n‘S(‘nt j^eneration, and 
hand it ov(*r to future generations with no thought 
of tli(‘ii* welfare. 

GENEUAIi REMARKS UPON THE USE OF COMMERCIAL 
FERTILIZERS. 


The produet ivity of the la ml used for the j^row- 
inf? of (ield erops eannot be indelinitely maintained 
without the appli(‘ation of some of tlu^ mineral ele- 
ments of plant growth. To determine the period 
when it is best to substitute, in part, additional 
plant-food for additional tilla‘i:e, is not simple, neither 
is it always easy to determine the amounts and 
kinds of plant -food whieh it is wisest to apply. 
Th(‘ exi)eriene(‘. of every farmer who has ^rown a 
clover or other le‘i:uminous crop will lead him to 
tlu‘ eonelusioii that the one hi^h- priced element of 
plant -food, nitrogen, is the one that is most easily 
and cheaply proeured. This fact simplifies the prob- 
Itun of maintaining productivity, as governed by one 
(dement, in many portions of the (‘ountry. 

Questioning the soil as to its mineral constitu- 
ents would not be difficult, if a practicable method 
for cheaply determining the availability of the potash, 
phosphoric acid and lime, and their various combi- 
nations in the soil, had been discovered. Here, as 
in so many other instances, the chemist and the 
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farmer must join hands and work toj^eilier, oih‘ 
with (*ruci])hi and rotorl, tla* othrr with plow and 
plant. From now <ni tin* plow-shaij* must hi' 
k(‘pt hot, and tho farnua* must lu* alert, that lu* 
may take advantaj^e of (‘very new diseoveiw of the 
student. 

From a f(‘W hi-ands of natural and maniifaetun'd 
tV‘rtili/ers, tla* numher of mixiurrs has {^o-own to he- 
wihh'rin^^ ])rop(U'tions. The New \nvk State FiXpeia- 
numt Station (at (ieneva, X. V.) i*e^nstered in 1S!)(), 
np to Novianher 20, 12() manulaetories and 1,112 sep 
arat(^ and distinct brands of fert ili/.ers. It would he 
nneharita])le to snppos(* that this multiplication of 

brands is intended to <'onfus(* the farmer, \ei this is 
the result. If a suitabh* fee wei*(‘ recpiired of th(‘ 

manufa(‘tur(‘r tor each )>rand of fertili/er sold in N(*w 

York (s(‘e fourth eolnmn in Table LXXX.), it would 
not only tend to reduce the mult iplii-at ion (»f them, 
l)nt, if wisely exp(‘nded, would produce a fund sutli- 
eieiit to ^oiard the ri^dits of the j)ureliaser and tin* 
eonseieiitious manufaeturer. Trm*. tin* fee*, or the 

j^reater part of it, would (*ventually In* |»aid ])y the 

user, but lie would willint,dy l>ear such additi(uml (*x* 
pense eould he )>e assuri'd tliat he reeeiv«*d just 

what he paid for. Tlien, too, lie has a rij^dit to a 
guarantee of the composition and w(‘ight of each 
sack or package, set forth in terms so ])lain that 
he will not be comp(‘lled to employ an interpreter 

to reveal the meaning of the terms used. 

Abstracts of the laws for the regulation of the 

fertilizer trade in the various states are given below: 
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Arizona. 

(’ulifornia. 

( !olora<lo. 
Idaho. 

Iowa. 

Kansas. 

Minnesota. 

Montana. 

Ntdn'aska. 

Nov ad a. 

Now Moxico. 
North Dakota. 
Oklahoma. 
Oregon. 

South Dakota. 
Texas. 

Utah. 

Wa.sliington. 

Wyoming. 
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A lal>aina.. 

< 'oniu'ctient. 

Delaware. 

Florida. 

( Georgia. 

Illinois. 

Indiana. 

Kmitncky. 

Maine. 

Maryland. 

MassaJUusotts. 

Mlehigan. 

Mississippi. 

Missouri. 

New Hainpshin*. 
New .1 ersey. 

New York. 

North Carolina. 
Ohio. 

Pennsylvania. 
Rhode Island. 
South Carolina. 
Tennessee. 
Vermont. 


('(•niK'dicnt if 10.00 

1 )elawur(‘ . . 

$;!(). 00 

Maiiir, for 


Illinois .... 

20.00 

»V>5 

10.00 

Indiana . . . . 

2.00 

N or K-O. 

5.0(1 

Kentucky . , 

15.00 

M a s saclin- 


Miiryhind. . 

15.00 

sells 

5.00 

Michigan . . 

20.00 

Rhode Isl- 


.Mississippi 

15.00 

aml 

(;.()(» 

.Missouri. . . 

10.00 

West Vir- 


Ncw.hrsey. 

15.00 

ghiia 

10.00^ 

Oh io 

20.00 



Pcnnsvlv'a. 

10.00 


N’irginia ex- 
1 (M'SS of 10 

brands, (*a. 10.00 
I'L’O.OO 

Wisconsin. < 2.’).00 
[ 50.00 


Virginia. 

West Virginia. 
Wisconsin. 



stuff linjululions. 


-rr hues' of (iiffrrrnt sfnfts. 


NfW Hiniiii I'luridii . . 

$:.(>. (*o ( ;. or;ri:i. . 

V.-rment . . . IdU.iio N«.rlh (’a 
Virj^Miiia. Id I oliiia . . 

hraJHls or Soulli Ca 

less ldd.dd| oliiia . . 

i T* nn«'s>v 


, ( jfiod.dd lo r> yrs. 

^ Alaltaiiia I j|,, . 

Coinir.dicm :fldd.dd t.. Jk'Jdd.dO 

Dflawan* 'Jdd.tid “ .{dd.dO 

j.-lorida add. lid •' 1. Odd. 00 

. ( rmiislod «H 

* I M or;ria I luiMli'iio Jitior. 

^ Illinois fjdd.dd to ifMH).dd 

: In.liai.u ‘''"dd - 100.00 

! Kont.wkv Idd.OO •' Odd.dO 

j Maii..-,,*..^ Idd.OO “ 200.00 

I .Marvlaidl 1<»'> "0 “ ‘JdO.OO 

I MasHarlnJHsi.lts ... .Ml. 00“ Idd.OO 

' .Mirl.iKall “ .'tOII.IXI 

( I'orffitnro iiii'l 

.M i-'sis^ipiO I Ouina)k'«‘H. 

' Mi>.onri )i'loo.0o t.. iJtLMio.oo 

Ni w ]l:»iiti»sliirv . . .MiO.tiO 

N’. w .!< I '* y .Mi.OO U> 100.00 

I N. w York 

North Carolina ja r hH^^^ 10.00 

i (,iji„ 20(1.00 to .MHI.OO 

( IN iinsv 1 \ an ia ‘2. *.00 “ 200,00 

I UhoO.-Man.l MI.OO “ 100.00 


: Sooth Carolina , . 


TcniH-s.st-o IH.V).0() U> 100.00 

I Verii...iJl !<'•«» “ 

1 Virijlnia 

i W.:sl Viri^inift 10.00 “ UHl.OO 

Wiaconain 100.00 “ ‘.lOO.OO 


.MI.OO “ 100.00 

( N(»t. to oxcoial 
I $1,0<K).(K) 

IH.VI.OO U> 100.00 
50.00 “ 100.00 
1,(KK).00 
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Tlio question is frequently asked, Can the fanner 
afford to us(^ eouunereial fertilizers ? From the facts 
presented in previous chapters, the eoiielusioii is in- 
(^vitahly reach(Hl that only by paiustakinj^ ohservation 
of all the factors which effect increased prodiudiou, 
coupled with actual tests of fertilizers in tlu^ field 
hy persons who are willinf>: to make a somewhat 

careful study of the conditions present, can the ques- 
tion be answered with any dei^ifree of aci'uracy. 

If a given quantity of fertilizers be applied to 
imperfectly fitted laud and the result is profitable, 
is it any indication that equally good results miglit 
not have been rea(*hed without fertilizers had better 
tillage been given ? Too frequently, findilizers are 
made to take the place of tillage, when they should 
be used to supplement it. That is, fertilizers ai*(‘ 
most likely to produce profitable results when (‘on- 
joined with superior physii^al conditions of soil. 
The appropriate quantities and kinds (‘an only b(‘ 

determined by actual investigation, and by using vari- 
ous mixtures of known (‘ompositiou. Instead of pur- 
chasing several brands of fertilizers to se(mre rela- 
tively larger or smaller amounts of nitrogen, phos- 
phoric acid and potash, it is usually best to i)ur- 
chase these substances separately, of reliable dealers, 
whose guarantee can be trusted, and mix them in 

such proportions as experience shows to be best. 

It is usually more economical to purchase high-grade 
than low-grade products, since the soil usually con- 
tains enough low-grade plant -food, and since some- 
thing is saved in packages and transportation, and 
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labor of applyin*,^ tlioin. In tin* pnn'liasi' of 

^rado i)ro(luc*(s, tli(‘r(‘ is tln‘ satisbnMicm «»t’ srcnriii;; 
what is wanttal, without jmn'hasintr Jnnl haiHlliny; 
what is not wantial. 

It, is soimdinn's ass(‘rt(‘(l that (*oiniii«‘i‘cial t’rrlib 
iznrs tend to dcploti* the soil, and thrr** is s<nn(‘ 

truth in this notion wlnai thoy ar<* nsrd niuha* 
tai?i conditions. Not inl‘n‘(|u<*nt 1> il orcnrs that an 

appli<*ation ol‘ two hundred to lhi*»M* hninlrcd [mhiikIs 
of (‘oinincrcial fertilizers per acre increases the yi<‘ld 
tiv<‘ to tift(*en Inishels of wheal, and in some eases 
such application niakrs the <lilb'rrin’e iMiwem a 
failur<‘ and a fairly full e?‘op, so markr<l are the 

b(‘neti(*ial etfrets of tVrtilizers on some soils. Ihit 
unless som(‘ measures are taken to nidoek the <*h‘- 

nnmts in tin* soil by «‘\lra tilla^n*, pi-ovid»'d I he soil 
contains an abnmlanef of toui^di plant -food, or living 
])lants or manures, (u* both, bi* ns«*d nanforeo the 
land, diminished productivity must come on mon* 
ra|)idly than it wonhl have doiie if no feiMilizers had 
b(*en used. The nnseimil itie use of ronnnerrial fer- 
tilizers lias led many a farnnr to conelmh- that they 
injure the land hy reason of their "stimnlatinj'” 
etYeet. Observation has led to tin* eonelnsion that 
in many eases tlie yield ^(rain steadily diminislM*il 
where only a few hundred [lounds per aen* of fer- 
tilizers were used and the old metliods of tilhif'e 
and treatment of tlie land continued, and the etYeet 
of the fertiliz<‘rs was likened to the effect of ale.ohol 
on the confirmed toper; but to stop meant collapse, 
and to on implied constantly increased use. 
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Coniinonual fertilizers do not stimulate plant 
growth, in the senses in whieh the word is eomnionly 
us(h 1. They do stimulate by fiirnishiiif:^ true nourish- 
liient; then how e{Ui the observed (‘ffeet be explained? 
It is well known that plants frequently suffer from 
la(*k of' a full supply of food at the eritical ])eriod of 
their ji^rowth. Wlam tliey hav(^ used the easily avail- 
able food stored in the se(Ml, but have not yet had 
tiiiie to form roots snfli(*iently numerous to secure a 
full supply of nourishment from that whieh is less 
available in the soil, the addition of easily availabh^ 
eoneentrated nourishinent is of the <^reatest value. 
Most bind is so impcndeetly fitted for the hi‘^hest 
welfare of plants that unless a small amount of 
tender plant- food be placed in juxtaposition to the 
seed, j^rowth languishes until the plant has extended 
and multii)lied its roots suflieiently to seeure a sup- 
ply of nourishment from the tough and less eon- 
eentrated const ituents stored in the soil. If, then, 
some easily available nourishment is at hand to sus- 
tain the plant, and keep it in full vigor during the 
transition from seed to soil, it is evident that a 
larger crop will be secured than would have been 
obtained if no additional nourishment had been 
furnished; and this quick start, when compared with 
unfertilized plants, appears to the farmer to be a 
stimulation. 

The amount of valuable elements removed from 
the soil by the increased yield, due to the action of 
the fertilizer, is sometimes greater than the amount 
of these elements added by the fertilizer; thus the 
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drain npoi] s(»il is jifrfatt'r tlian il wtnild liav<‘ 

had no t’<‘rtili/.<*r horn applied. Not wil hslandin^ 
this, th(i application of small annmnts of hi^'h - j^n’adc 
fertilizers is not only rational, hnt usnall\ ]»nititai>le, 
if ns(‘d in eonjiMi<*t ion with eoviM* crops, harn inannre 
and intelligent rotation. Xt^vert heh*ss, tla’ir use 
alone too (d'ten assists in depletiii^^ tln‘ soil of its 
fertility to tie* p(»int where prt)lital>le tillap* ('eases, 
and if the praetice of usiii^^ only small aimmnts of 
fertiliz<‘i*s is eontiniied it may, as sh(>wn alcove, 
accelerate soil depletion. The jn'odiiet ivity of the 
land may he, and often is. maintained ami even in- 
creased hy the intelli'.^eiit application ((f liberal 
amounts of fertilizers in connect iim with a judicious 
rotation and wisdom in farm -mana)^ement . 

It is Ix'lievcd that the )H*ne(icial etTects of (‘om- 
mercial fertilizers are due as much to the timely 
su|)ply as to the amount of nourishment they con- 
tain. This timely supply enahles the plants im- 
larj^e their root system, where))y they are able t(» 
secure more nourishment from the soil over and 
above tliat furnislied by the fertilizers, than they 
could have si-cun'd without smdi supply. If this be 
so, it is seen ajjain that tin? use of fertilizers in 
small (piantities may not only hir^j^ely increase the 
yield of eroi)s, V>nt may also serve to dej)lete the 
soil of .some of its elements (d i)lant-food more 
rapidly than would the sann* kind of (?rops and 
treatment without their use. 

Much has been said and written about eornplete 
fertilizers, that is, those which contain nitrogen, phog- 
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{)lioric aeid and potash in the proportions found in 
the plants to bo grown. But plants vary widcdy in 
amounts and proportions of nitrogen, pliospliorie aeid 
and potash; the variations are due to many eauses, 
sueh as an al)undan(*e or laek of moisture, sunshine' 
and inherited i)ow(‘r of the plants. Then, too, the soil 
varies more wid(‘ly in the |)ereentage of plant-food 
and its availability than the plants do. Usually it is 
desirables to inereases the leaves and stalks, — the vege- 
tative system, — of plants int(snd(‘d simply for forage; 
this ean be done by supplying them with an aVmn- 
danee of nitrogen, while the production of grain and 
some tulx'rs and roots is best secured by using mod- 
erate (iuantiti(‘s of nitrogen and liberal quantities of 
available phosphoric aedd and potash. 

^fan}^ efforts have l)e(‘n made to determine the 
limit to the profitable use of commercial fertilizers. 
Manifestly no definite conclusions can be reacdied 
which may serve for general a])plication. If the in- 
vestigations be carried on with a single crop, as 
wheat, for a long series of years, the soil becomes ab- 
normal, sin(*e twenty to forty years’ continuous wheat 
culture, as (‘ondinded by Lawes and Gilbert, depletes 
the soil of its humus, and hence of its power to hold 
moisture and to set free phosphoric acid. Then, too, 
no account is taken, usually, of the amount and avail- 
ability of the stores of plant -food already in the soil. 
For instance, if mineral fertilizers alone be used and 
but slight increase is secured, the natural conclusion 
would be that there was as much mineral matter 
present as the plants could utilize, or that they could 
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not avail tli('iiis«‘lvrs of it lnwaust* of a lark of mois- 
turr or soiiK' nrrcssary t'lrmriif or rlfiiirnls; lull such 
invest i‘^^at ion does not reveal positively the real eans«‘ 
of low production. If a eoniphte frrtili/er is used, 
no matter whethei* such aj)plieation is pi‘(»lital*h* or 
unprojita))h\ tin* proldein still remains uns(»l\iMl, fop 
i\ lertilizer which contains relati\'el\ liitl(‘ mineral 
matter and a li])eral anumnt of nitro;,n ii. as compared 
with a complete fertili/ei-, nd;^dit L,n\r prolitahh* in- 
er(‘as(*, as has happened in some ot the expirinients 
conducted in this country and Kurope ; \rt no ;.nuieral 
ruh‘ is reveahMl. 


SO.MK SPK(’II'I(' ADVK’K AS TO FKIM'I I JZKHS AM) 
(’KOPS. 

I lieiM‘ appears to he \i(> way to find a universal 
nde to ‘.,mide the farmer as to the kinds oi- (piantities 
of (Munmereial fertilizers whi<‘h are likely to prodm-i* 
the j^reatest j>rotita))le lesults. A law dor.s appear 
which is of Very ^^aieral application, miniely, the 
hij^dier the price nadized f<»r the products raised, the 
more liberal the ai)|)lieation may he witlioiit e\(M*edinj^r 
the limit of profit. l'ln*re seems to Im* iu) alteiaiative 
hut to attain send the farmer to the fi<*ld, and ad- 
monish liiin to make the |)lants eomfortahle hy tilla^o* 
and hy the best j)ossihh* use of the elements in tin* 
soil, and to keep a fairly ti^ht j^rip on tin* phospliate 
saek until he Ijas questioin*d the soil and the plants, 
and has received their answers. He must experi- 
ment for himself. 

S 
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It, thorefotv, miuires jndf^ineiit and some expe- 
rieiic(‘, to know when and wlu‘re to ai)ply (‘oinuier- 
c*ial f(‘rtiliz(irs to tln^ b(‘st advanta^^e. It tln^ effects 
ot comni(‘]‘<*ial fertilizers, Avdien applied intellij^ently, 
are noted, it will Ix^ observed tlnit they usually 
prodiuu^ beneficial r(‘sults by furnishing easily avail- 
able nourishment to the plants in the <‘arlier staj^es 
of th(‘ii* growth, as alrc'ady explained; therefore it 
is advisable to distrilmt<‘ tluun in the soil near the 
s(xxls, that nourishment may be at hand in suffi- 
e-ient abundance to j^ive th(^ yoanj^ l)lants a vigor- 
ous and h(‘althy start in life. 

If liberal api)li<*ations of nitrogen are made, as 
for instance, to winter wheat and fruit ]>lantations, 
in September, tlaw may product' su(*h ra})id and 
sappy growth as to tmdangtn* tla^ plants. Uust or 
damage from cold weather frt'tpiently oeeur when 
plants have made a late and immature growth. In 
the case of wlnait and souu' otlu'r crops, it may be 
well to withhold a part or all of the nitrogen in the 
fall, or make an ai>plieation of somewhat slow-acting 
organ i(* nitrogen, as cotton -seed meal. Plants often 
suffer seriously for want of available nitrogen when 
they , are recovering from the injury of wduter ex- 
posure. Quick -acting nitrogen, siudi as nitrate of 
soda, is especially beneficial in assisting them to a 
strong, early start. Later in the season, when ni- 
trification is active, they may get their supply nor- 
mally from the soil. 

Some soils respond to applications of commendal 
fertilizei*s far more satisfactorily than others. Why 
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this is so is Mifticult. to (‘xplain. S(>in<*tiin<\s tho soil 
has hecoino too acid, as shown hy tht* iMV(*stitCJ»* 
tions of th(‘ Itiiodc Island KxpcriiiKnd Station (svo 
Chapter XIII.); in other eases the eans(‘s whieh 
produe(^ the wid(‘ly ditTennit results ai*(* wholly oh' 
s(*ure. On both sid(‘s of th<‘ lu‘ad of (’ayu)^a Lake, 
in N(‘w York, and for some distanee to tin* south- 
ward, only small amounts of tert ilizei*s an* ns(‘d, 
whih‘ to tin* northward (d‘ this district they aro 
used liberally and with markedly benelieial n‘sidts. It 
would naturally b<‘ su])posed that the first -named 
district would be the one to be most benefited, 
since the natural fertility of the land is far in- 
ferior to tliat of the district lyin^ to th(‘ north of 
it. Many tests of fertilizers have b(‘en made in tln^ 
southern disti-iet with and without applications of 
lime, and only in ran* eases increased yield has jnsfl- 
li(*d such ai)j)lieation. In the northern districts s(*v- 
eral carloads of fertilizers are sold annually at each 
of the little villages on the lines of railways, wliihj in 
the soutliern a very few <'arlo;ids serve for a wi<I(‘ 
extent of t(*rritory. In makinjj: a survey of soirn* 
of the middle states, it is found that in certain ser;- 
tions fertilizers are in common use, wliile in others 
they are used sparinj^^ly or not at all. 

When iiupiiry is made as to the cause of use or 
non-use of fertilizers, tin* answer in one seetion is, 
’Mt pays, and therefore I cannot afford to do with- 
out them”; in the otlier, ”It does not pay, and there- 
fore I eannot afford it.” Usually the. first answer 
comes from farmers who till soils whieh arc naturally 
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adapted to a vijjjoroiis growth of a wide ran^e of 
plants. True, tlu^ ])eople who farm tli(‘ ])ett(*r lands 
are, as a rule, inoi*(‘ pro‘4‘r(‘ssive than those an* who 
farm tlu^ poon*!* lands, ])ut this does not fully (‘x- 
plain why fertilizers an' us(*d lilx'i’ally in one lorality 
and si)arin^‘ly in anotlier. \Vh(‘r<‘ land is expi'usivc 
and near ^’ood mai*kt‘ts, soils whicdi wer(‘ iialui-ally 
poor have ])(*(‘n hrouj^’ht to a hit’ll state of pro- 
diu'tion lar^*(‘ly by tie* aid ot‘ manun*s. 

Sine(5 l)arn manun‘s aiH* bulky and expensive to 
transport and disti-ibutc*, woidd it not lx* Ix'ttm* 
eeonomy, inst{'ad ot pundiasin^^ )>arn mannn's from 
the (uty stables, to ^*(‘t soim* of tla* humus for tin* 
soil by raising eovca* and ('atoh (U-ops for ^r(‘<‘n nia- 
nun% and then s(‘(MU‘(* tla* additional plant -food lU'eded 
by the mor(‘ lilau'al us(‘ of (‘omi!i(‘r<aal fei*tilizei*s ? In 
market-^ard(‘niu^, rapid, early ‘ii’owtli is usuall\' dt‘- 
sirabh‘, and it is likely that tlu'sc' n'sults (‘ould be 
seeured ihrou^-li the (piiek-aetin^^ tV*rtilizers, in eon- 
lUMdioii with barn manures and eover erops, inore 
eeonomieally than throu^di tin* slower-aetin.ir manures 
alone. (See Chapti'i* XIV.) 

Fertilizers usually f^ive ])est results when they are 
well mixed with the soil wbieh lies mair to and 
around the st'eds when tlu\v are planted. Liberal ap- 
plieations of liij^di-j^rade fertilizers, especially if applied 
when the soil is dryish, may do serious injury by 
absorbinj^ the moisture in the soil, thereby arresting 
germination, or by furnishing plant-food which is 
too concentrated for the young rootlets, in which case 
the roots are injured, and are said to be ” burned 
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otT." W'lini ni»Mstun‘ is nhinHlnnl, no dnninf^n* is 

likrly to (X'cur, sinct* tin* iVrl ili/c!-s llim lend to 
Imcoiiio diirus»Ml tln'oiiLrli tin* soil, )ml it is not only 
sar(‘>t, hnt most o<‘onoinirnl, to inroi-porati^ tin* tVr- 
tili/cr with sonic of tin* soil in the di*ill or r«>w. 
The (juantity to ]m‘ apjilicd can he dcti‘rnii?icd only 
hy ti'ial, ha\in^^ in mind that a residue always i*e* 

mains unused hy the ei*up to which it is ap|hied, 

in whi«‘h eas«‘ it may 1 m* of some \aliie to sm*eeed- 
in;^ (*rops. 

In some <*ases tin* heiietieial action of fertilizers 
may he marked on the <'r<»p which ;^i‘ows with and 
immediately after the one to which they art* applied; 
for instance, fei‘tili/ers applic<l to wheat and similar 
crops may heiietit tin* timothy and c|o\er seedin;^ as 
much as the wheat. In fact, it not intVe(pient ly 
happens that hut a po<»r oi* e\’cn no ’stami’^ of 

j^rass can he secnre<| without tin* use of fertiliz«*rs 
on the wheat, whereas hy their usi.* ;i sue<*essfni 
"ratch” is seeui’ed. 

ESTIMATI\<; Tin: (’OM-MEIUIAE value of 
FKinTLIZKIiS. 

EtTorts havn Im-cm made to <letermine the trade 
values or cost of nitrof^en, j)hosphori(; acid and [)ot* 
asli. It, is evident that the eost must la* governed, 
to sonn* (*xtent, l>y locality ami other eonditions; for 
instance, the nitrr»L^<'n, p]ios]diorie, acid and pota.sh in 
a ton of cotton -seed meal has an estiinat<*d trade 
value, aer'ordinj.^ to tlie illustrative table l>elow, of 
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$23.64 per ton. It sells in the south at from $16 
to $19 per ton. 

TABLK LXXXI. 

Averatjn of 33 analyses of cottonseed meal. 

(llul. 20, So. (’ll. E.\p. Sta., IHlh').) 
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Th(3 following ta})lo ^jives trade values, based on 
pric^es at a given time and plaee, wliieh serve to assist 
in making (comparisons of various substances : 


TAHLK LXXXII, 


Trade values of fertilizing ingredients in raw materials and 
ehemicals.f 


1890. 

Cts. per lb. 

Nitroj^en in iimnionia salts 1;-,, 

“ “ nitrates 135 

Organic nitrogen in dry and fine ground fish, meat, blood, and 

in high-grade mixed fertilizers 14. 

“ “ “ cotton-seed meal 12. 

“ “ “ tine ground bone and tankage 13.5 

“ “ medium bone and tankage 12. 


♦I'he law of South Carolina gives no trade value to insoluble phosphoric acid. 
Before proceeding further it should be stated that the term insoluble is ap- 
plied to phosphoric acid which is insoluble in a solution of neutral ammonium 
citrate having a specific gravity of 1.09 at a temperature of 65° (^ntigrade. 
tBull. 42, Mass. Hatch Exp. Sta., 1896. 
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Or^'niiic in nH'diutn lM>n»‘ :iim 1 tankaj^c Ik 

*• “ “ mars** Iti.in* and taiikavT'* .‘k 

“ “ “ liai?\ horn shavings and coarsi' iWh hrr!i|is. ;{. 


IMiospliorin a<*id "oluldo in \vat« r o,.'. 

“ “ “ aninioiiitiiii <'il ratt* fi. 

“ “ ill tino lutin- and fjtnka;:*- a. 

'• “ '• “ nn diuin hoin‘ and tajika^O' J. 

“ “ •• nit «iiuni Itoin* and fankair*- J . 

“ •• “ < i»ar>f hour and laiikjiu:^ L'. 

“ “ “ lint* jrronnd li"!!, <-oll<'n s< ( d nn al, liuM < d 

nn al, ra>lor poniaro and \s<><id a^'ln s 1 

“ iii'^olnldo (in aninioninni nilraJ' i in nii.\<d 

frliiliziTS 1’ 

I’otiisli as hiuh trrado snl|diatr. and in nti\tun's fia i* from 

innrialo 

“ " “ innriato 1.’» 


77n' m'lnup'in! rioistitn* nfs roiifunnd tn t < < <l >n> rnhnil ov 

hdin.i s : 


nitrogen IL’. 

l*hos|diorin a<Md -l a 

I’olasli r». 


'' T1h‘ al)(»V4‘ tra<l(‘ values ai’e the li^nu’es at wliieh. 
ill the six iiiontlis preeeeilin^^ Marelj, ISIK), the rrsj>ee* 
tivt* inj,n*e(li(*iits <*ouhl he hou^Hit al ntail for itislt in 
(nir lnr(je mnrJuis, in tJir raw nuiftridls, whieh are Iho 
re<^ular soiiree of supply.’’ 

While tile preceding table ^ives the trade value.s 
of fertilizing iiij^r<*dieuts in raw inat<*rials and eheini- 
eals ill the six months pre<M*din|jr Mandi, 1H!)(), it i^ives 
no information as to tlie jiriees tlie fanner paid for 
nitrogen, phospliorie aeid and jadash when pureliased 
from agents in the ordinary mixed eomrnereial fm*- 
tilizers whieh were found on the market. Sima* th<‘ 
economic production of crops, as governed by the use 
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Mild (;ost of fertilizers, must depend largely on the 
ae-tual (^ost of tli(*m to the farmer, it may be well to 
d(*termiii(^ so far as it is possible what that eost is, at 
l(‘ast in oiH^ State. 

W. II. Jordan, Direetor of the New York State 
Mxpi'riimmt Station, has made an (‘xtt‘iid(‘d study of 
this subject, and since the execution of the laws 
jjfov(‘rMiu^^ the fertilizer trade is assigned to the State 
Station, he has had unusual faciliti<‘s for si^curin^ 
ac(‘urate information. By permission, I publish the 
followinjif letter from him, dated (icneva, N. Y., 
March 5, 1897: 

''Takiiij^ the average composition of the factory- 
mixed eom|)l{‘te f(‘rtiliz(‘rs whi(*h were otfennl for sale 
in New York last year, together with the selling 
jii’ice as givim us by the agents, we liud that the 
averag(^ price per jiound for nitrogen would be 20.2 
(‘(‘uts; available^ phosphoric a<*id, imJuding the soluble, 
8 emits; potash, soluble in watiu’, G.o (amts. These 
figures wen^ arrived at in this way: 

VVh‘ found that the average selling price for 
these goods was a certain percentage above the prices 
for which similar materials could be bought near 
large markets. In ordm*, then, to get the prii-es 
which the farmers were asked to actually pay, we 
simply increased these so-(*alled Station valuations 
just the percentage which the retail factory -mixed 
goods are selling above what the same goods would 
cost if bought according to Station valuation.’’ 

It will not be difficult for the farmer to com- 
pare the average price paid in New Y"ork for nitro- 
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{^(‘ 11 , |)li<)s|)]i<)ri(‘ acid and polasli in laclnrN - mixed 
eoniplete fertilizers, in 1S!M;, with the retail easli 
pri(*e, as lawni in Table LXXXII. Ilavin^^ shown 
what th(‘ tra(h* values of various ingredients were 
in our lai*‘ 4 ‘(‘ markets in and the avcnau^e cost 

to tin* user for the saim‘ in^u*edients in tin* same 
y(‘ar, it must now In* left to tin* farnn*r to deeid<‘ 
tor liimsi'lf wln‘lln*r In* will pnrehase plant -food in 
tin* various foi-ms of raw material oi* in faetoi’v 
mixed lertiHzers. (S(‘(‘ "Honn* iMixinj," of Fertili- 
Z(‘rs,” l>a^n* 2S!).) 

Tin* trade value or cost of many fertilizintr snh* 
stane(*s may la* d(*termined ap])roximately, hut how 
mueli any j^iv(*n fertilizer may he worth to tlie user 
of it eannot, la* det«*rmined until a ti*ial of it has 
been made in the Held, and as soon as this is done 
so many eoni|)li<*at ions enter into tin* investigation 
tliat it r(*<juir(*s a clear nmleislandin^' to inteipn*! 
tin* results, lli^di-^rade fertilizers are often applied 
to soils which <*ontain only a nnaierate supply j)f 
availahh* plant-haal, with no marked h(*in*tits. In 
su(*h eases the manufa(*turer may la* a<'eus»*d f)f sell- 
ing a poor quality of ^naals at exorbitant prie(*s. 
In some eases, it is |)robable that, had the j)nrehasc*r 
of the fertilizer used as much intelli^rmicj* iu seeur- 
inj? j^ood seed and ejunfortable conditions for the 
plants as the Tnanufa(*turer of n*liable fertilizers is 
eompelled to use in his business, the results mifjht 
have been entirely satisfactory. 

An earnest effort should be made on tlie part 
of the farmer to ^ive fertilizers full opportunity to 
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produce results, for only by so doiiij^ can any true 
test be made of their value. That siicli opportunity 
is not j?iven in many eases is fully proved by the 
fact that the farmers who are most painstaking? in 
seleetinj' seed and in preparing the land for a crop 
purchase fertilizers more freely than those do who 
are careless in their farm op(‘rations. On the other 
♦ hand, the manufacturers should take* ])ains to make 
the statement of the peiventa^es of the valuable 
constituents in their j^oods so j)lain that fair com- 
parisons could b(^ imide easily. Nearly nil of the old, 
well-established iirms make a fairly (dear stateuKuit 
on the tat?s attached to their pacdvaj^c's, but many 
fertilizers are plax'cd on tln^ mai-ket vsdth (‘onfusin^? 
statements as to tlndr composition. Th(‘ two follow- 
ing sampl(‘s, copied from manufacturers’ tai^^s, have 
the appearam^e of an effort to (*onfuse the purchaser 
and to prevent him from arriving at any basis for 
comparisons: 


SAMPLE I. 

.1 nalj/siH. 

Per cent. 

Arnmonia 3. to 4. 

Phosphoric acid (solubh* ami reverted) 10. “ 12. 

f*ho.sphoric acid (insoluble) 1. “ 2. 

Total phosphoric acid 11. “14. 

Potash KaO (actual) 1.G2 “ 2.10 

Sulfate of potash 3. “4. 


Suppose the tag had given the following anajjsis, 
unaccompanied by any statements which are not under- 
stood by the farmer, the estimated value could have 
been easily made out by the purchaser : 
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l\'l* (MMlt. 

Nitro^jMi ‘J.'l? to ;{.20 

Phosphoric acid, soluldo 7. •• 8. 

“ “ rcvcrtcil ;i. “4. 

I’otash (KatM l.tiJ •• 2. It; 


E^timnie'd 

Vfi hit’ ]u r ton. 


Nitrogen 

. . . 40.4 Ihs. at 14 c 

entH, i}(t;.«l2 

IMiosphoric acid, solnide .... 

... 140. •• •• .7. .7 

7.71) 

“ “ revert e<l. . . 

... t;o. •• *• 5. 

•• ;i.oo 

Pota.sh 

. ... .{2. •• *• 4. .7 

1.4 4 



iHio.oi; 


This fortiliztd* was retailed at |)t*r Ion. 


.SAMi’I.K II. 
vi ualifnis. 

INt 


Nitroin'cn t«» 4. 

Phosphoric aci<l, sfdiddc H. “ II. 

“ “ reverted 2. “ 

Potash 4. “ r». 


h'ntimafrd ralur jn r t<>n. 

Nitrogen OO ll,s. »f n cents, !fH.4d 

Phosphoric, acid, solulde ir.O “ “ ** K.hO 

“ “ reverted 40 “ “5. '* 2.00 

“ irisoluhle :i0 •• 

Pota.sh HO “ “ 4. .7 “ 2. GO 

ijt22.80 


The retail priee beinf? $‘]0 per ton, leaves $7.20 
to cover cost of mixing, sacks, transportation, agent’s 
cqjpmi.ssiou, iuterest on deferred payments, sundry in- 
cidental charges, and profits. 

The following figures are also copies of tags attached 
to commercial fertilizer sacks. It must be left to those 



284 


The Fertility of the Land. 


who coueooted them to give the reasons for this wor 
of supererogation : 

SAMPLE in. 

Ammonuiteil bone pJiosphatf. 

Per ffiit. 

Nitrop;on l.i).? to 

Equivalorit to ainiiHmiji “ 2, 

Solul)l(‘ phosphoric arid h. “ 7. 

Reverted “ “ o. “ 0. 

Available “ “ 11. •* Id. 

Insoluble “ “ 2. “ d. 

Total “ “ Id. k;. 

Potash d. “ 5. 

SA.MIM.E IV. 
llitnuat bon*. 

Per cent. 

Total bone phosphate dO to dd 

Yicddin^' phosphoric acid II '* lli 

Solubli! bone ])hospliate 22 “ 2() 

Yielding water soluble phosphoric acid 10 " 12 

Total available bone phosphate 20 “ di> 

Availabl(3 phosphoric acid 12 “ 11 

Insoluble bone plH)sphato 2 “ 4 

Yielding in.soluble phosphoric acid 1 “ 2 

SAMPLE V. 

Special potato tnannre. 

Per cent. 

Moisture 10. to l.d. 

Ammonia 2. “ 2.25 

Available phosphoric acid 8. “ ‘J. 

Equivalent to bone phosphate of lime 20.74 “ 24.01 

Insoluble phosphoric acid 1.25“ 2. 

Potash 8. “ 8.50 

Equivalent to sulphate 11.80 “ 13.72 
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Sint pi i tied stntttntnt of santph' Hi. 


I’lT ciMit . IN'i' ton. K.vt iinatrd \ 

Xitropoii l.o;i ’jn.r, ii.s. at ij ifj.hs 

S()liil)lc j>ln>s|>liori<‘ ai’id t». llMt. •* •* r>.r> “ li.iio 

R*‘vor1i(l “ “ r*. “ “ j. “ o.on 

Potash ;{. «•>(), •• “ l.o •• J.TO 


^17. IH 

Sintplifinl nn nt <>f .\nm]dt ti\ 

rorrciii. I*< r toil. K,v1 imaici! \ aim* 

Solulih* j>ho'^j*hi*rio aoi(i... lo Joo Ihs. at ••ontv. .fll.no 

Kcvorttal “ ** ... 2 10 •• “ '* J.dO 


if lit. 00 

Sini/dittKl ulott tn> nt <>f aotnidt r, 

roriiiit. l’«r toll Ks( iiiiatrO vain**, 

Xitroi'cii I.Im ;?:{ Ihs. at 11. ifl.li'j 

Availal)l(' jiiioH|>horir a<'i<l H. lOo *' ’* “ H.OO 

Potasli 8, l(;o “ “ I..') “ 7.20 

!*l0.h2 


What iiilorinatioii can a fariiior ^'•ot from Hit* follow- 
ing: gniarantfod analysis, which is ctipifil, as an* tin* 
(|uotations liclow, from the Xcw York Ago'icultural 


Experiment Station: 

SAMI'I.K VI. 

“ * Nntttrnl pUt nf food . 

I’rr cMit. 

“ ‘ Phosphoric acid. Total |IV><I 21.<i<i to 20.4‘J 

Eipiivalent (o hone phosphate of Ijmo 27.20 “ til. .'{8 

Potash (KsO) from glauconite l.(M) 2.00 

Kquivalent to e(»iiiinon hulfat** of potash 2.00 “ l.OO 

Silicic acid (, SitJa) .^>.2<) “ 8.10 

PartKinic aci<l ((;(),) 2.07 “ 2.00 

Lime (CaO) 20.10 “ .'{2.00 

Magnesia { MgO t and soda (Xuat^)) .'{.21 “ 8.0.1 

Aluminic {ALO 3 ) and ferric (FcjOj) oxids 1.14 “ 10.20 

'All available to plants in the soil. The above are 
the lowest and average analyses.^ 
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^^The guaranteed analysis implies, and a speeific 
claim is made, that the material is all available to 
plants in the soil.’’* 

The New York State Station has performed a val- 
uable service in showing in a brief statement the 
percentages of available phosphoric acid and potash 
in this f(Ttilizer with a high-sounding name, wliich 
was retailed, including the name,— which must have 
had great value, — at from $25 to $28 a ton. '^iVn 
average of three samples sho^vs the following com- 
position : 

Per cent. 


"Total phospljoric acid 22.21 

Insolnl)lo idiosplioric. acid 20.81 

Available phosphoric, acid 1.40 

fNdash soluble in water 13" 


” Natural Plant-food” is really a mixture of some 
rock phosphate (probably Florida soft phosphate) with 
glauconite, a mineral containing potash in an insolu- 
ble form, commonly known as green sand marl.” 

Computing this, as in previous cases, the follow- 
ing estimated values are secured; 

Per ton. 

Available phosphoric acid 28. lbs. at f) cents, $1.40 

Pota.sh 2.0 “ “ 4..') “ .12 

$1.52 

^’The law of Georgia does not recognize insoluble 
phosphoric acid as plant- food. ”t This would appear 

♦Bull. 108, N. Y. Agr. Exp. Sta., Geneva, N. Y. New Series, Sept. 1896. The 
real value of “ Natural Plant-food,” L. L. Van Slyke, Ph.D., chemist. 

tl am credibly informed that in several other southern states insoluble 
phosphoric acid is treated as in Georgia. 
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to 1)0 a wiso provision, siiico iiisolii])l(‘ j)lanl-fo(Kl is 
not what is usually wantvd in a f«‘rtili/<‘i\ as tlio 
soil contains ^r(‘at ahundancc of it. In 1 1., 

(’haj)tcr I., the av<‘ra‘.rc ot* forty -nine soil analys<‘s 
shows that more than 4, (MM) pounds ]m*i* acn* of phos- 
phoric acid ar(‘ contained in tht‘ lirst (*ij.;hl inch(‘s of 
surface soil, Ihe lar^^er part of which, presuniahly , is 
insoluhle under present methods of tillage. Would it 
l>(‘ wise or ju'otitahle to pundiase, at, 2 cents j>er 
j)ound, additional insoh^hle phosphoric acid, when the 
soil (*ontains smdi vast stores of this low-<^o*ade |>lant- 
food f Tru(‘, a ])a!'t of the so-called insoluhle phos- 
p]iori<* a(‘id may hecome available and j>roduee hciic- 
ficial results, hut since tla* soil is iisuallv ahiindantly 
supj)lie(l with the same kind of material, would it not 
])e wiser to mak(.' it available hy tilla^^e than to pur- 
(‘has(‘ mor(‘ of this lazy ])lant-food ? 

In soim*, cas(‘S liberal applications ot insohil)h^ 
pliospliorie acid show beneli<*ial i-esults. It two pots 
})e tilled from tin* same kind of soil, and to (me is 
addc^l insolubh* j)hosphori(^ acid, plants ^rowin^’ in 
the treated soil should la* bem*tited, since their r(a)ts 
would, of necessity, conn* in contact with mon* insol- 
uble j)hos])hori<f a('id in tin* tn*ated than in the un- 
treated soil. The r(a)ts f>f plants, sonn* morc^ than 
others, ’are abb* to utilizer a small jaudion ot tin? so- 
called insolubh' ]diosphoric acid; hcin'C it cannot be 
said to be worthless. Some Stations ^dv(* to insoluble 
phosphoric acid in mixed fcrtiliz<*rs an (‘stimated trade 
value of 2 cents per pound, while others assign) to it 
no trade value whatever. Nevertheless, there may be 
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oxc, optional oasos whore, on aeoonnt of the small 
oost of insolnhh* pliosplioric^ aoid, it could bo applied 
advaiitaii^oously jind ov(‘u with ])r()fit. 

It will be seen by the foro^^-oin^ that there is a 
dilT(‘r(‘n(‘e of opinion as to the value of s()-onlh‘d in- 
soluble ph(>s])horie acid.’^ ff the n^ader believes tliat 
it is worth to him 2 cents per pound, then the pn*- 
vious (‘omputations should Ixi aineud<Hl, and th(‘ fol- 
lowiujjf auiouiits should be added to tla^ (‘onipiited 
vnlue : 1\) sample 1., 40 (‘ent^ ; II., GO ('cuts; III., 
80 C(‘nts ; IV., 40 cents; V., 50 cents, and to VJ., 
$8.d2 p(‘r toil. 

This ''Natural Plant -food has lieen treated at 
lenj^Hli, and it is an extreme examiile of what is and 
has Ixarn takinj,^ place to a j^reater or h‘ss extimt in 
many lo(*alities where fertilizers are used, notwith- 
standin<jf that intellij^ent elYorts have Immui made to 
j^niard the rights of users of commercial plant -food. 

The subjeids of values, estimated values, and use 
of fertilizers are surrouiuh'd with many difficulties, but 
this fact should act as a siiur to increased effort to 
learn what Ave may, although we may never (‘ome to 
unanimous conclusion as to the trade value or actual 
value of various kinds of plant -food, or be able to 
treat the subject mathematically. When fertilizers 
which are sold at nearly the same price vart in es- 
timated value, as computed by their fjuaranteed anal- 
yses, from $8 to $20 per ton, the fact is worth 
knowing. If unmixed fertilizers containing a known 
percentage of nitrogen, phosphoric acid and potash 
are separately purchased, opportunity is given to 
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make tests on small an‘as at a slij^^ht eost, as they 
ean 1 ) 1 * mix(Ml in varial)h‘ <juantili«*s to sail tin* soil 
ami tin* erop to he raised. 

While esteemiii’jf the <‘tTorts wliic'h ai’i* hi-iiij^^ made 
hy maimtViet iirers t‘or promotin;^: tin* rarmer’s iii- 
t<*rests, I am led to ur^^e the tanner to do a little 
nioi’e thinking tor himself. Some of tin* mannfae- 
turers make (airefnl and ext<*inh‘il expei-iineiils with 
their fertilizers in tin* held, with the view of dis* 
eo\’ei*in».C how hest to eoinpomid riiti*o^n*n. phosphorie 
aeid and ])otash. W'heii lai’«:e sums an* invested 
in this hnsiness, it vv'onld he had |)oliey to send ont 
^^oods whieh would not, as a rule, ^dve sat isfaetoi’y 
resnlts, otherwis)* tin* hnsiness wonld soon eonn* to an 
e!nl. Ilowev«‘i* valna))le these inannfaet nrer*s’ tests 
may he, they cannot take* tin* j)lae)* of thos)* whieh 
should 1 m* made hy every fanner who uses fert ili/<‘i*s 
upon his r)wn soils ami under his j)art i(*nlai* <*ondi' 
tions. It has ))een pointed ont how variable the 
virgin soil is, and this soil has h)‘)*n made still more 
variable by tilla^^e and <*roppin^^; lienee the need of 
ean*ful fertilizer tests by tin* farnn*r on his own 
fields, since no test made el.si*where will ti*ll (*er* 
tainly what In* wants to know. 

HOMK .MIXIN<J OF FFKTILIZKRS.'^ 

It is believed that tin* followin^^ explanatioriR will 
be of assistance to the youn^ farmer in his efforts 
to make an intellijrent use of commercial fertilizers. 

*87 L. A. Clinton, A'<«istant A^lfialluri»t. Cornell Kxp, Sta. 

T 
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In the home mixinj^ of fertilizers, it is frequently 
desirable to know wliat pereenta^e of tlu' different 
elements is eontained in the mixture. We will assume 
that it is wished to eoinpouiid a fertilizer made up 
of materials eombined in the following proportion: 

Lbs. Per cent. 


Nitrati'! of soda 100 gnarnntoed ir> iiitrogon. 

Arid pbospliato .^>00 “ 12 j)hosphorio acid, 

Miiriat«! of potash 100 “ 50 potash. 

700 


We have a mixture of 700 pounds of material 
eontaiiiing If) pounds of nitro^^en, 60 pounds of 
phosphorie. aeid, and 50 ])ounds of potasli. To find 
tlie pereentaj^e of ea(*h of the ehnnents, divide the 
amount of (‘aeli element by tlie total amount of the 


mixture. In the assumed ease the ealeulation would 
be as follows: 

IVr cent. 

Nitrogen 15 :-700^-2.U iiitrogon. 

Phosplu)ric aci<l 00 ; 700 -—8.5 7 ]>hosphoric a«*id. ^ 

Muriate of potash .50 : 700 — 7. *14 i)otash. 


If it should be desired to eompound a fertilizer 
for wheat, usiuj? as the materials sulfate of am- 
monia, dissolved bone and kainit, we will assume 
that they are eombined in the proportions and have 
the guaranteed analyses as given below: 


Lbs. Per cent. 


Sulfate of ammonia . . 

80 guaranteed 

24 ammonia. 

Dissolved bone 

. . 200 

14 phosphoric acid. 



2 nitrogen. 

Kainit 

. . 200 

13 potash. 


480 
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Wr ]iav(‘ a inixtinv of 4H0 pounds, tlio sulfiito 
of aminoiiia (Muitainiu^ I!). 20 pounds of ammonia, 
of wliicli I 7 , or lo.S pounds, is nilro^r(*n. Xli(‘ dis- 
solved bone eontains 2 p(‘r eimt nitro»;en, or 4 
pounds. There is a total of 19. S |)ounds of i»itro- 
p:en, 28 pounds of pliosplioric* aeid, and 2() j)ounds 
of potash. The per(*(‘ntaj.(e of each ehmient in (he 
mixture will now b'* <‘aleulat(*d as in the previous 
ease : 

IVr rent. 

Nitropon HI.H ; 4K0 1.12 i»itro<?on. 

I’hosplioric acid 2s. ; ISO .>.h;{ phosphoric aidd. 

i’otasli 20. ; ISO .'.11 i»ofusl). 

Thus having: ^ivim tin* intmolients of the mix- 
ture, and knowiiiji' the amount and f^niarantecMl 
analysis of (‘a<*h ingredient, it beconu's an easy mat- 
ter to determim; how many j)ounds, and tln^ per- 
eentai.^e of the valuable elem(*uts, an; b(*ini^ applied 
lier aere. 

In ease it is wished to eomj)ound and apply a 
mixture of oOO pounds which shall analyze* 4 per 
eent nitrogen, G per cent potash, and H) per cent 
phosphoric aeid, and a.ssuming that the materials at 
hand are nitrate of soda guaranteed 15 per cent 
nitrogen, dissolved phosphate rock guarant(*ed 18 per 
eent phosphoric acid, and muriate of potash guaran- 
teed 50 per eent potash, the calculation would be 
made as follows: 

A mixture of 500 poumls, to contain 4 per cent 
nitrogen, calls for 20 pounds of nitrogen; 6 per cent 
potash calls for 30 pounds of potash; 10 per cent 
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phosphoric acid calls for 50 pounds phosphoric*, acid. 
To dcterniiiic how iiuiiiy pounds of (‘ach in^avdicuit 
arc required to furnish the necessai*y auiount, divide 
tlie nuuiber of pounds of each element in the mix- 
ture by th(^ guaranteed per cent of the element in 
the in^jfredient. In the ease in hand the determina- 
tions would be as follows: 


Element. libs. Ouuranle«Ml Lbs. of ingredient 

required. in‘r cent in reejuired. 

ingredient. 

Nitrogen 120 15'^ I.'i.'i nitrate of .soda, 

IMio.sidiorie acid.. bO 18 “ 277 di.s.solve<l jdiospliate rock. 

Fotasli dO 7)0 “ 00 muriate potasli. 


Total pouiid.s of in^'redients. . 470 

It will be seen that the total w(M‘.?:ht of the in- 
gredients is but 470 pounds. To supply tlie addi- 
tional 30 pounds nMpiired to iindvC tlie 500 pounds 
of fertilizer, it will be necessary to add some ex- 
traneous material, as fine road -dust or gypsum. The 
addition of extraneous matter to a mixture of high- 
grade chemicals is advisable only because it facili- 
tates the even distribution of the fertilizer over the 
land, and in the use of high-grade chemicals this 
even distribution is most important. Should it be 
so distributed that a consideralcle amount was left 
in spots, the plants, especially if young and tender, 
would probably be destroyed or injured on those 
places. It is usually better to pundiase high-grade 
chemicals and add the extraneous material at home, 
if thought best, rather than to pay others for add- 
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in^ it, ;ui(l tlim j)ay and carria^^* to tli(‘ i)laco 

ot‘ ('(msuiiipl ion. 

T1h‘ objection to tlic lionn‘ nli\inj^" of the mate- 
rials is that the work may not he properly done. 
This is an inipoi*tant opei-ation, and shonid he most 
tlioronj^hly performed. A ti;,dit, smooth lloor is tin* 
lii'st n‘(inisite. It is nsnally well to liave tlie mate- 
rials for tlie mixture rarli in a separate pile, and so 
aiTan^^(‘d that they ean lx* easily shoveled at the 
same time into om* eommon lot. Aft«‘rwards the 
whole mass should he t horon;.^hly mixed, hy shov<‘Iin^ 
it over sevei’al times. It shonid he said tliat nsnally 
the mixin^^ should l)e done hut a sliort tiim^ )>efore 
the matei’ial is to he used, and that eomp(mnds con- 
taining^ ammonia shonhl not he mixed with lime. 

If from the followinj^^ materials we make a ton of 
mixtni’e, we would have to ealenlate the m^eded 
amounts as follows: 


Sulfate of ammonia 


(’utlon-se*Ml meal 


Arid iilioj-idiate . . 
Muriate of potasli 


l’« r * < iif . 

. .. ‘JO. niin»:;rn ioO llts. nitn»^o-n in a ton. 

7 .. .. .. .. 

1.7) available phos pliorie aeid 

1.'./ wat< r rolulde putu.sli 19 

|i».S. jH*tll''ll “ “ “ 

( availalih- pliosphorie acid - 

> :{0 1l<s. “ 

J 7)0. wat<r solulde |><jtuMljr- 
I 1,000 10«. |M»tavh “ “ “ 


If we desire to mix the ingredients to make a fer- 
tilizt'r with any percentages of the three valuable in- 
f^redieiits, say o.o per cent each of nitrot'en, phoa- 
phorie aeid and jtotash, we proceed as folhnv.s: 
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Per cent. 

2,000X-">.r)-r:l 10 lbs. nitrogen required in a ton. 

2,000X«’>-’’' -110 “ pliospboric acid required in a ton. 

2,00()X-'>-«’>— 1 10 “ potash required in a ton. 

Out of this 110 pounds of iiitro^^eii, we wish 
2.5 per cent, or 50 pounds, of it to (‘onie from sul- 
fate of ammonia and the r(\st from (M)tton-seed meal. 
Twenty per (‘ent is 20 pounds out of tlie 100 pounds, 
and 20 per (*ent nitro^^en in sulfate of ammonia is 
20 pounds nitrojT^en out of the 100 pounds of sulfate 
of ammonia. Then from a simple proportion; 


Nitrogen is to 


r sulfate of am - ) 
\ inonia on luiud ) 


f nitrogen) p, f snlfato of am-) 
( lUMMlod / ( monia required, / 


20 lbs. : 100 lbs. : : lbs. ; 250 lbs. 


This 250 pounds of sulfate of ammonia gives 50 
pounds of nitrogen, or 2.5 ptu* cent for 50 : 2,000^2.5 
per eent. We need 5 pm* (‘.ent of nitrogen still to 
give us the re(|uired 5.5 per ("(uit. It follows, then, 
that 2,000X5 per (*ent— 60 pounds, to be supplied by 
the eottoii-seed meal, which has 7 jier eent nitrogen 
or 7 pounds of nitrogen to the 100 pounds of raw 
material. Then agjiin, by proportion: 


Nitrogen, (’otton-seed meal. Nitrogen needed. Cotton-seed meal. 

7 ll>s. : 100 lbs. : : CO lbs. : 857 lbs. 

This 857 pounds cotton -seed meal gives 59.99 
pounds nitrogen. Adding now the amount of nitro- 
gen obtained from the 250 ])ounds sulfate of ammo- 
nia (50 pounds) to that obtained from the 857 pounds 
cotton -seed meal (60 pounds), we have the 110 pounds 
of nitrogen wanted. In the cotton -seed mJll we 
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have 2.5 per eent of pliospliorie aeiil and 1.1) per 
cent of potash; so — 

87riX- >’> poumlH of rlio^phoric acid, 


and 


KoTXl-'J per cotit : |»omi(ls of potash. 


Snbtraetin^^ tin* 21.4d ])ounds of |>liosi)hori(» aeid 
from the original 110 ponmis wanted, we have: 

110 — 21.411 pounds jdiospliorjc /icid. 


This 87.57 iionnds is to ho ohtaiiH*d from the 15 
per eent aeid phosphatt*. PrtM'eedinj,^ as before: 

Plios. .'icid. Aritl lOioH. acid )HM*<h‘d, Acid jdios. required. 

l.'i Ihs. : 100 II. s. : : hH..'.7 IPs. : oOO.IO IPs. 

Adding tin* amounts of phosphoric aeid obtaintMl 
from th(‘ 857 pounds cotton -seed meal, which is 21.45 
pounds, and from the 500.4b pounds of acid phos- 
phate, which is 88.57 pounds, w<‘ havt* the 1 10 
pounds of phospliori<* acid m*i*d(*d. 

Continuing similarly for tin* j»otash, and subtraet- 
iiifj the 1G.28 pounds of potash obtaiiu'd from the 
857 pounds of cotton -seed meal, wt* liave 05.72 
pounds to be obtained from tint muriate of potash, 
which has 50 i)er e<*nt, or 50 pounds, of potash to 
the KXj pounds; then — 

PoUnh. Muriate poUsb. Potash iiccdeiJ. M uri a to ptA. required. 

50 lbs. .' 100 lb.**. : : 03.72 IPh. : 1H7.44 lb«. 


4^<ling tojjether the 16.28 pounds of potash 
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from tli(‘ (*o1fon -so(‘(l meal and the 9d.72 
ponmls o])t allied from tlie miiriah^ of potash, \v(‘ 
have th(i desired 110 pounds of potash. If tlie i*a\v 
materials do not add up fo 2,000 ])onnds, fim* sand 
or gypsum may he added, in ord(‘r to make the exai't 
weij^ht and exaet jH'n'cmta^es, or if desii'able, hi<^h(*r 
or lovv(!r pm’eimtaj^'i's may lie had by mixing ditfcn*- 
ently. Sunimin^^ n[), in ordm* to see if our mixture is 
all rifj^ht, we hav(‘: 


IV'rct'iit. Nitronon. Plios. acid. Potash. 

liO. Sulfates of Hinmoiiin . . . . ‘doO. lbs 50 lbs. 

7 . 1 

2.5 [■ ('ott()ii-s(MMl iiioal H57 “ -GO “ 21.45 lbs. 1(5.28 lbs 

1.9 J 

Acid |)lios[)liat(> 500.4(5 “ 88.57 “ 

Miiriat<' of potash 187.72 “ 05.72 “ 

1,885.18 “ no “ no. no. 

Sand or dirt 114.82 “ 

2,000.00 “ 5.5^1^ 5.5% 5.5% 


It is st'eii au’uin that it is better to buy the thret* 
elements of plant- food separately in eoneentrated 
forms and to mix them at home. 

The fore^^oin^ ealeulations by Mr. Clinton suffi- 
ciently indi(*ate the nature of the problem before us. 
The author is now able to make {general eonelusioiis. 
The f olio win quotation is taken from a paper 
read by T. Ureiiier before the Massachusetts Horticul- 
tural Society, February 20, 1897: can see no 

necessity for usin<? ready-made mixtures in the gar- 
den, but the strongest reasons for avoiding that 
course. The mixtures sent out hy various fli4ls as 
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specially adaptc'd for jL^ardcai crops vary in real value 
))ct\vccn $20 and $20 p(‘r Ion, and sell at from $00 to 
$40. In other words, we pay the full value and T)!) 
j)er (*(mt additional to niak<; (‘Xpeiis(‘s and lossc's, as 
well as seller’s ])rotif. In the foll()win‘^ — 


500 lljs. iiitiatc of rostiiii^ jihoiit 

“ Oissolvt'tl S. (’. rock, costitij' Hlxml O.iK) 

500 “ muriate of potash, oostiiiK^ about o. ;:i 

12,000 $121.00 


we have a ton which is worth $27.!)0, Jind (*(pnd to a 
f(*rtilizer sold hy inanufaeturers at ahont $40.’’ 

An (‘tfort has h(‘en inado to tnoit the suhjeet of 
the trade valm‘S and home mixiiikC of eommereial 
fertilizers simjily and clearly; nevertheless, the farmer 
untraiiK'd in chemistry will have to make a study of 
tin* tables and explanations helore h(^ can compute 
('stimat(*d values, or make intr41ij'ent eoruparisons be- 
tween two fertilizers havint^ an honest jifuarantiMMl 
analysis. It has been shown liow withly the esti- 
mated values, in some eases, ditTer from the sr‘llinft; 
price in various ])rands of fertilizers. It must now 
l)e left to the farmer to work out trade values, esti- 
mated values, and the actual valm*s to him of the 
(^oods he pundiase.s. It should be reiiienilxu’ed, how- 
ever, that the manufacturer may cliar^(i a dollar an 
hour for his services in makinj^ estimates, wliile the 
farmer may receive not more than a dollar a day for 
his time. Would it not be lietter for the farmer to 
fit himself for making the.se computations, and thus 
secure^he more liberal remuneration? 
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A WORD ON THK CHEMISTRY OP THE SUPER- 
PHOSPHATES.* 

In many parts of the eonntry the word super- 
phosphate is understood by farniers to be simply an- 
other name for eommereial fertilizers; but in the 
books, it is used in its true meaninjj^, to designate 
a super- phosphaled fertilizer. Wlitui a superphosphates 
is applied to the soil, it is witli tlie intention of 
furnishing available pliosphorie*, aeid. Soluble phos- 
phories aesid is desired beeause plants feed most 
readily upon tliose elements in tins soil that are 
most easily dissolved. Phosphorie* a(‘id as it exists 
in nature, either in bones, bone deposits, or roeks, is 
almost always in an insoluble eondition; hem‘e, if we 
would apply it in an available form, that found in na- 
ture must be treat(‘d in some way. How is this done? 

Before eoiisidering the ehemieal primuples upon 
whieh the maiiufaeture of a superphosphate rests, 
it will be neeessary to understand something of the 
different eom pounds wliieh phosphoric aeid forms 
with lime. Phosphoric acid is represented by P 2 O 5 , 
in wliieh P represents the element phosphorus, and 
O the element oxygen, and the figures 2 and 5 that 
lihosphoric acid is made by the combination of two 
parts of phosphorus and five of oxygen. Similarly, 
lime is represented by CaO, to show that it is com- 
posed of one part of the element calcium (Ca) and 
one part of oxygen. By an element, is meant any 
substance which cannot be sepai’ated by any possible 


• By George W. Cavanaugh, Assistant Chemist of the Cornell Exp. Sta. 
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means into any other snhstanees. Whemn'er two or 
more ehmients entor info (‘ombination to form a n(*w 
snbstanee, this ikmv substance* is ealh*(l a eoniponnd. 
For example, pliospliorus (F) and (O) nra 

(‘lements, ])nt j)Iiosphoi*ie acid (IMb) is a compound. 
^^ot only do <d(*mcnfs ('om))inc to form compounds, 
but many oi tin* (*ompounds tlnmisclve's com))inc ajjfain 
to form more* comph‘x compoumls, 1'hus e-ah'ium 
(Ca) and j)hosphorus (F) (‘ach unites with oxy^^eui (O) 
to form linn* ((/aO) and phosphoric acid (IM),); and 
th(‘n the linn* and phosphoric acid ina\ unite* te) iorm 
phosphate of lime*. 

Fh()sphe)rie* ae*iel (F,() 5 ), as Ibiiml in ))em(‘s and 
rocks, is unitcel with thre*e‘ parts e)f lime*. This e'eem- 

pe)unel may be* re*i)re*.se*nte*ei bv the* tbrmula - F,( b 

This material is e*alle‘el trie*ale*ium phe>sphate*, be*e*ause* 
it e*e)ntain.s tlire'e* parts e»f lime* e»r e*ale*ium e)xiel 
((biO) unite*el with one* jairt e>f phe)spl)e)ric ae*iel 
(FaCb). This is tiie* fe>rin e>f phejspheu-ie* ae*iel that is 
known as insoluble* phosphe)rie*. ae*iel,’’ be*cause* the? 
e'Oinpound docs not eli.^.solvc in wat(*r. 

A see*ond form in which pho.sphe>rie? ae*iel may unite* 
with lime is re*pre*se*nte*d by the* fe)rmula F;,()5. 

Here the phosphoric ae*id is unite*d te> two parts e>f 
lime and to one part of water water be*in):j a 

compound containing' two parts e»f the* e*le*me*nt hy- 
drogen (II) and one part of oxygen. This com- 
pound is dicalcium jdiosphate. It is solulele in soil 
water, which contains carbonic acid (COa). 

A third form has the phosphoric acid united to one 
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part of lime and two parts of water. Tliis eoin- 
pound is i‘(‘pres(‘nt(Ml by the formula IVOs- Simu* 

this eompound has but one i)art of lime (or eal- 
eium oxid), it is {*ali(‘d monoeahuum plios|)hate. Tlu^ 
mono(*al(uum ])hosphate (‘,an be dissolv^ed in water, 
und h(‘ne(5 is the form known as "soluble phos- 
[)horie aeid." The di(‘aleium ])hosphate is known 
under tin; nanu* of "r(‘vert(‘d phosphoim^ arid," for 
reasons whieh will be ^dv(*n lat(*r. Taken together, 
the ])hos})horie a(‘id of the monoealeinm and the 
dieaI(Mum phosphat(‘S const itut(‘s the available phos- 
phori(^ acid of a superphosi)hat(‘. 

Th(‘ j)ro))lem, then, to th(‘ manufaeturei* of a 
sup(n’phosphate is to (dianj^e the insolubh' tri<‘ah'iuin 
phosphate into th(‘ solul)l(‘ mono- and di('aleium 
I)hosphat(‘s. ddiis is aeeomplish(‘d by the use of sul- 
furie a(*id and water. 

The b()iu‘s or roeks are ground before bein^ sub- 
jected to the aetion of the acid, in order that the 
acud may reach all parts of the mass. In the 
changes which take place, one i)art of tricaileium 
l)hosphate is acted upon by two parts of sulfuric*, 
aeid, yielding one part of inonoc*alc*iuin i)hc^sphate 
and two parts of ealeium sulfate or fjfypsum. This 
is brou8:ht about by two parts of the element cal- 
eiuni in the triealeium phosphate leaving their eom- 
binatioii with pliosphorie aeid and eombining with 
the sulfurie aeid. The phiee of each of these parts 
of ealeium (Ca) is taken by two parts of the ele- 
ment hydrogen (II) from the sulfurie aeid, thus 
bringing together the elements of water (HaO) in 
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the inoiio(*al(‘iimi ])]i()S|)hal(‘. TIk' n‘acli«ai is rrpn'- 
senti‘(l l)y tla^ following (Mjualioii (il.SO^ r(‘ja*<‘srnt - 
iiijj: sulfiirii* acid): 

('a()| 

( ’aO IV()r,-fH .S(> M o ’;iS( >4 

CaO I ll'ol (’aSl>4 

This is tlu* ideal rf‘acli(Mi In he cnVcIcd, la’cansc 
it (diaii^^cs all ot‘ the |dinsj)li(H*i<* acid into a solii- 
])h‘ condition. It is not possible. oj‘dinai-il\ , in prac- 
ti(*(*, liowcvin*, to hriii'^ this about. Tlaa’c is sonn‘ 
part of the IjofK's o!’ rock \vlii<'li is acted upon hy 
the acid in the proj>oi*lion of one part of trical- 
idnin ])hosphat(‘ to one part of lli(‘ acid. This may 
l)c r(‘prcs(‘nt(‘d hy the (apiation: 

(’a()| Tan I 

(’aO |{,S()4 ( aO IV^, • TaSO^ 

( 'u< ) j H . n I 

There is still another po?1ion of the tricalcinm 
pliosphati* whicli cntir(‘ly (‘scapes the action of the 
sulfuric, acid. Ilcina^ there ai’c always found in a 
su|M*rpliosphat(! the three comlitions (d i)hosplioric 
acid : i. c., monocalciuni phosphate, or soluble jdios- 
phori(*. a<‘id ; dicalcinm |>hosphatc, or reverted phos- 
phoric acid ; and triealeiuni phosphate, or insoluble 
phosphorii; acid. 

Diealeiuni pliosphate is called reverted pliosphorie 
acid because, when inonoealeium phospliate com(*s in 
eontaet wdth lime, it reunites with one j)art of lime, 
and forms the diealeiuni |)hos|)hate; that is, the plios- 
.phoric acid reverts to a less soluble condition. If an 
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abiuuliUK'.o of lime be present, two parts reunite with 
tlie monoealeinin pliosphate to form tlie triealeiura 
phosphate; thus the pJiosj)horie aeid may go back to 
its ori/,dnal condition ; that is, it may become reunited 
with tliree parts of lime. Rowever, tlie pliosphoric 
acid in this tricalcium phosphate may more avail- 
able than in untreated tricalciinn phosphate, because 
it is more finely divided, and may be more? intimately 
mixed with the soil. The process of n'viu’sion is the 
opposite of that wliich tak(‘s place in the process 
of manufacture. 

The lime that is takeii from tricalcium phosphate 
by the sulfuric*, acid unites with the* sulfuric acid 
to form ‘gypsum, or land plastei*. Heu(*e, whenever 
sulfuric, acid is used in the manufacture of a su})er- 
phosphate, gypsum is always one of the constituents 
formed. (For further discussion of this subject, see 
Appendix B.) 



Xin. 

LI ME ASH y A mors amesdmests. 

Thp^re an* various suhsfanoos \vlii<*li an* honeftcial 
to tlio laud at timos, cvoii tliou;^di lln*y add noilluT 
liuinus nor iinportant <(uantilirs of plant- focul. 'I’lio 
lH*n»*tits aris(‘ from various s(*<*oiHlary a(*tions \vlii('li 
lli(*s(* sul)stan(*(*s liav(‘ upon tin* land, such as improv- 
ing^ its physical condition or texture, s<‘ttin;,^ free 
plant -fo'Ml, or eous(*rvin;^ or eolleetinj^ nnustui’c, 'Phis 
efass of suhstane(*s is kin^vn under the ^jeneral name 
of amondmeiits. Some of them, like nnn*k and 
similar suhstanees, eontain much directly availal)h‘ 
plant-food, Imt for tlie most part thes<‘ materials 
an* more useful for# tln*ir secondary or ineid(*ntal 
etfeets than for th(‘ir intrinsic (jualities. 


IJMK. 

Lime is obtained from limestone rock, chalk and 
shells. These in their natural condition the eli(*mist 
terms carbonate of lime ((’aCXD. Hy subjecting them 
to a strong heat for some time, the carbonic acid 
giis and moisture are driven off, and the product is 
quicklime, or caustic lime (Ca(0. When slaked with 
water, hydrate of lime (Ca[On],) is formed. The 
carbonate of lime is usually found associated with 

( 03 ) 
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impurities, as with sand, and these impurities may be 
HO abundant as to seriously reduee its value for a^ri- 
eultural and me(*liani(*al uses. 

Wlio first diseovered tlie a^rieultural value of lime 
is not known. Its f^emn'al use for buildin*^ pur- 
poses antedates imulijvval history, and it ('ould not 
have T)een lonj,^ in us(i in the trades Ixdbre its bene- 
fi(*Jal action on the soil must have Ix'cm dis(‘ov(‘red 
by ac(*ident, if in no otlnn’ way. Liming land was 
practiced to a limit(‘d (‘xhmt before the (liristian 
(‘ra. Soon aft(*r \7Ho, a timi‘ when many improved 
methods and improv(Ml liiveds of domestic animals 
had th(‘ir be<>:innin^s in (In^at Britain, the ])ra('ti(‘e 
of limin^^ the land l)e(‘anie <‘ommon in some locali- 
ties.'^ In both England and Scotland the application 
of occasional lar^e dressings of lime, 100 to 300 
bushels p(‘r acr(‘, becaiiK' common by the end of the 
eij^hteenth century. The lack of thorouj^h drainage, 
the growth of abundant ve^ifcdation and the absence 
of sunshine and warmth in En^yland resulted in filling' 
the land with partially di'cayed organic matter, and 
all combined to make tlie soil heavy and acid. Since 
drainage by means of under« 2 :round conduits has be- 
come common in Great Britain, the practice of liming 
has been abandoned in many cases, and wliere it is 
still kept up much smaller applications are found to 
produce the best results. 

Lime is one of the oldest and most common 

*A book upon the liming of land appeared in Boston in 1799. This was 
an American edition of James Anderson’s ” Essay on Quicklime, as a Cement 
and as a Manure.”— L. H. B. 
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amendinonts or iiidirrrt tVrtilizrrs in somr lo<‘nlilins, 
but at least !)!) |M‘r m\t of tin* aral)lt‘ land in (he 
United Statens lias nevrr been linn‘d, nor is il likely 
to be in the n(‘ar futnn/. Tin* virjifin soil usually 
eontains an ai)nndan(*<* <if availa)>h* nutrifiits. 1'lie 
loose texture of the soil, the <iry cliniate and (dond- 
less ski(‘s, so eonnnon west of tin* Mississipju ITiN'er, 
all tend to jiroinoto nitrilicat ion and to jn*<*vent 
aeidity: h<‘n(‘«‘, as tin* eonntry lMM*onn*s ohUr, there is 
likely to b(‘ a hn‘k of vr^^ntabh* mold or imdeeoni' 
posed or^^anie inattrr, and tin* plant inj,^ of cover 
crops is likely to j>n‘ccdc liminjx. 

In all this vast territory, enibracin^^ mon* than 
one-third of tin* arabh* land of the United ?>tat(‘S, 
the price of linn* has been so ^^n*at as to preclude 
its use on lands even where the liniestoin* and tin* 
land to be tr«‘ated were in juxtaposition. In otln*r 
eases, the (*ost of transportation e<jiialed or exceeded 
the first <*ost of tin* linn*. On tlie fi-ialde, fertih* 
soils f)f the prairi«*s the plow liberated y(*ar by year 
all the nourishment which tin* crops recpiired. Thus 
it will be seen that tlie conditions in many districts 
of the United States hav(* ju’cehnletl tin* usfi of 
lime in agriculture. 

When first removed from tin* kiln, linn^ weighs 
about 75 pounds'^ to the heajied busliel; that from 
shells weighs less than that from limestone. A ton 
of limestone converted into caustic lime (UaO) weighs 
between *1,100 and 1,200 pounds; hence it is econ- 

• Seventy-five pounds of stone lime and fK) |K>undH «if air-slaked lime are 
aold for a bushel at the kilns at Union Springs, N. Y. 


u 
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orny to burn the lime near where tlie stones are 
quarried, sin(*e it weighs but three -fifths as mueh as 
limestone. In slakin^^, lime takes np (considerable 
quantities of watm* ; hein^e a ton of slaked or hy- 
drated lime eontains really but three -fourths as mueh 
lime as a ton unslaked. A heapc'd bushel of unslaked 
lime makes one and onci-half busluds of slaked lime; 
th(‘refore, it should V)e transported before it is slaked. 
When eaustie lime is exposed to the air for sonn' 
tim(c it absor])s moisture and carbon ie acid from tli(‘ 
atmosphere, and b(‘(*omes air- slaked or carbonate of 
lime (Ca 003 ), or linucstone. It is now in the form 
of a fine powder, much finer than ^n'ound lime- 
stone, and is of some value as an indirect fertilizer, 
and furnishes plant -food when applii'd to soils which 
are deficient in lime. Old jiastuncs and sandy soils 
frequently respond to a divssin^ of air-slakcal lime, 
but in most cases it is far better to pundiase caustic, 
lime, and by adding water c,onvcrt it into the hydrate 
of lime, which acts more energetically than air -slaked 
lime d(X‘s. 

Recently liydrated, or ” biting lime, applied to 
sandy soil roughens it; that is, it acds upon the par- 
ticles of which the soil is composed, thereby liberating 
the mineral matter. Gradually the lime passes down- 
ward to the bottom of the furrow, where it may be- 
come bound up with some of the liberated mineral 
matter and the finer particles of earth, and forms a 
hard-pan of greater or less tenacity, which arrests 
the too free passage of water downward. All Of 
these complex actions improve sandy soils. When 



Ejjtris of Umimj. 


:i()7 

soils naturally liavo a su|M‘ral)un(lan<*(‘ of limn, similar 
a<*tion may takn jilam to sunli an (‘xtmit as to form 
wliat is known as ” limn -pan,” wlii('li may hi* nnarly 
imp(‘i*vious to wator. ami linimn <l«‘trimnnlal. Nitri- 
tination usually ^n>ns ou t<»> rai)i(lly in lifjflit soils, ami 
Imnnn tlin Inuniis is (|n|)|t‘t<Ml ami thn p<»wnr to hold 
moistur(‘ Wi'aknnnd, and thni*nfor(‘ limr is not usualh' 
appliial to sandy soils, as it is to rlay, t<» liastfn 
nitrilinat ion. dim lanmlirial <*tTnrls nf linn* in ar- 
rnstin<^ tli(‘ too fron p.assa;ifn of watrr in sand\ soils 
should not hn <lrst ?*oy(Ml h\ plowiii}.^ at «liirni’»‘nt 
depths, and Imnnn c.arn shouhl hn taken to assist tin* 
formation of a s(didilind su)>-stratnm hy nontinmmsly 
plowinj' at tin* same drpth, thnrnhy snnnrin;.,^ thn 
iKumtinial a('tion whinh results frojn the tra?nplin^’ of 
thn liorsns and tlm p?*ns>urn of the plow on thn 
])ottom of tlm fun*ow. (Sm* pam* 77.) 

Hnennf n\])ni'imnnts have thr(»wn munh li^fht on 
thn i‘fTn(‘ts of liming land, yet linm ants in sunh a 
variety of ways, a?id jn’o(lun(*s sunh <*omplnx nhanj.^ns, 
that a wide held is still open to tlm invnstij.^ator. 
It is known that in ram eases it may furnish 
needed plant-food, that it n<mstitut('s from 1 to 50 
per eent of tlm ash of plants, and that it lmli)s to 
hrin^^ about j)hysi<'al, nlmmin;!! and biological ehan^es 
in the soil. When appli<‘(l to clay soils, it binds 
the fine particles toj^ntlmr, cu* fionnulates them. This 
results in op<'nin^^ ehanimls whi<'h aii^ment friability 
and porosity, and produces ecmditions which allow 
the freer passatje of water downwards, and of mois- 
ture upwards by eapillarity; air and heat are allowed 
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freer passage into and through the land, the eost of 
plowin'^ is diniinisluHl, looked up mineral matter lib- 
erated, nitrification promoted, and a more eomforta- 
])le environment is secured for plant roots. 

Caustic lime d(H*omposes (pertain mineral com- 
pounds, espe(iially tliose containinj]: potash, and makes 
them availaljle; that is, chanj^^'s potential into actual 
plant-food. It also corn^cts acidity, and in doin^ so 
unfits tlie soil for tln^ growth of many coarse and 
undesirable ])lants, while pfreatly improvinj^ the con- 
ditions necessary for the jx»‘owth of most of the 
hi Jailer and more Tiseful kinds of i)lants. Lime acts 
(‘hemically on the soil in many ways not well un- 
understood, but its power to form useful com- 
pounds, such as hydrated sili(*ates, is proved beyond 
a dou])t. It is believed that some, if not most, of 
the Available mineral fertilizin*,^ matter in the soil is 
held in the form of hydrated silicates. If this be 
so, additional lij^ht is thrown on the beneficial action 
of lime and some otlier substances. 

Caustic lime acts energetically on the organic 
matter in the soil ; hence beneficial effects may 
be expected when it is applied to peaty or other 
soils having a superabundance of undecomposed veg- 
etable matter. Clayey soils, because of their ten- 
dency to remain cold, moist and compact, tend to 
become sour, and the plant-food which they contain 
is inert. All this produces uncomfortable conditions 
for the better plants, unless an unusual amount of 
labor is expended in fitting the soil. An applica- 
tion of caustic lime may change for the better, in 
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a inarkrd dcf^rco, many or all of lli(‘S(‘ niid(‘sind>h‘ 
conditions. Since clayey lands arc usually to<> com- 
pact at tlu‘ hotloin of the furrow, it is well t(» plow 
at varyin*^^ depths, shallow in sprinjir and d(‘cp in the 
Slimmer and fall, that the tendency to form a hard- 
pan, dm* to liljci’al applications of lime, the pres- 
sure of tin* plow and the tranipin«i: of tie* horsi-s’ 
feet at tin* hottimi of the furrow, may he larm’l> 
oV(*reome, Dead plants or (►thei* or^mni<' matt<‘r can 
sei*ve as plant -fo(Ml onl\ when thry art* deeomposj-d, 
and the alhnminoids «*han}^n‘d int<» oihei* nilromai- 
forms and the mineral matter re- minerali/ed, or so 
far pai’ted from its asso<‘iates as to he aeeeptahle to 
^n’owin^^ plants. 

Limiiiij: land nsnally aeeelei-ates nil rilieat ion and 
fermentation. It may correct acidity and j>rodnee 
alkalinit hnt if tin* alkalinity is too j^n-eat,* fer- 
mentation and decay <|eerease. Tsiially lime is ap- 
plied to the land oi* manure in such small (juanti- 
ti(*s as to hasten instead of rrtai’d fermentation and 
nitrili(*at ion . Most manures ai-e injured when treated 
with lime, as ammonia is likely to he di-iven off, 
hut it may l>e us(*d advantaj.C<‘*>’J''l> hasten tin* 
rottin*,^ of ('riarse manures, such as are composed 
lai’t^ely of straw and mai/a* stalks, if they an* pih*d 
in lay(*rs with lime hetw(‘en, and the mass tlior- 
oufjhly wetted and covered with earth. Ijirnintr land, 
especially that which contains mneh ori'anie matter, 
and that whieli is over-damp, tends to [irevent rust 
and smut, and malformation of the roots of turnips, 
beets and similar crops. On the other hand, an ap- 
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plication of lime in any form is l)(‘lievecl, to pro- 
mote tlie seal) of potato(‘s. In some experiments, eon- 
(liKtted at Oorn(‘ll in ISIK), to detei'miiie the amounts 
of soil moisture (*ons(‘rv(‘d or lost, the workmen re- 
]riarked that on(‘ i)lat was mealy,” and did not 
(*rust over, as th<‘ otluu’S did. Th(‘ plat referred to 
])rov(‘d to he tla^ one that had hern limed. So far, 
(‘xp(u*im(mts show that lime do(‘S not kill wire- 
worms, slujjfs and l>(‘(‘th‘s, hut it may so ehanj^e the 
eharaeter of tlu^ soil as to indu<*(‘ tlumi to lind more 
eon^(‘nial (*onditions. 

Ijime should h(‘. removed from the kiln soon 
after it is hurned, and placed in eonvenient piles on 
th(‘ h(‘ld wIkuh^ it is to he spread. If a sliji^ht de- 
])ressiou is made and th(‘ ground smoothed, and from 
thn‘(‘ to five hiishels ar(‘ thrown in a ])ile and the 
mass covered with (‘arth, it will slaki^ in a few days 
if the fjfrouud is moist, hut if dry some water should 
he added before it is (‘overed. Tf slaked quickly by 
a larjjje addition of water, the mass does not break 
up into as fine a powder as when slaked slowly, 
with the air largely excluded. Therefore, to secure 
the best and cheapest results, the slakin^j should pro- 
ceed only moderately fast and in the presence of as 
little air as possible. Lime for iilasterin^- mortar is 
prepared by placin*^ it in a slakiiif^ box and sub- 
merj^in^i: in water. The milk of lime produced is 
then drawn off, mixed with enough sand to form a 
stiff paste, which is jiiled up and left from two to 
four weeks, that all the particles may be fully 
slaked, otlierwise they may slake in the wall and 
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produce ’\sinallp()x It will lx* that Uy this 

method tlie air is lar^^t‘ly (‘xeluded from the liim; 
until it is usial, therel^y preservin^^ its eaustie and 
binding or Hoeeulatin^ qualities. Air-slak<*d linn* 
does not make* ^^>od mortar, neither does it act ener- 
^n*tieall\' on tlie soil, since it is in its mild, not 
eaustie, states 

What has l)<*en said about slaking iiim* int<*nded 
for mortar, is to emphasize* the* ne-eel e)!’ exe*ludinj^ 
air, so far as pe>ssible*, whe*n slakin^^ lime* for aj^ri- 
eultural purj)e>se‘s, aiiel until it is aj)plie*el to tlie* 
land. If it e*an be* ajq)lie*el te> and ine*e>rj)e>rate‘el with 
the fre'sli -turned surfae*e seiil, in the* e-aiistie* state, it 
will be far meire* eflie*ie*nt than whem applied in the* 
milel, or air-slake*el e*e)iielitiem. True*, this hyelrate*el 
eir "bitiiif^’^ lime* (('a[()II]J, will be‘e*emie‘ mild lime* 
((’aC’Oj), but befeire* fully re*ae*hin^^ this sta^n* it will 
have* ae*te*el be*ne*fie*ially anel e*ne'rj.(e‘tically, aiiel whe*n it 
has reae-hed that state* it will have* lost ne>ne; of its 
usefulness as mild lime*. 

Lime j)re>|)e*rly slake*el is difliciilt te> handle? ami 
spread, as it runs witli ne*arly the; fae*ility eif w'ab*r. 
The (*arth covering, mixe*d with the* lime, teneJs to 
overcome this diftieulty. If the* mixe*d mateerial is 
thrown onto a stone -boat or sle*el it can be; spread, 
with the wand, satisfaedorily. Since lime tends to sink 
into the soil, it is best applie‘d on plow’e*d and par- 
tially fitted land, and theu thorou^jhly incorporated 
by surface tillafje. On permanent lands, for 

various reasons, it is be*st applied in the fall. It may 
be predicted with some degree of accuracy where lime 
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is likely to be most bencfieial; viz., on sour, peaty 
soils, aiicl those liaviiif? larj^e amounts of uiideeom- 
posed vefTfetal)le matter ; on heavy or clayey lauds, 
in eoujiiiKdioii with barn manures and other coarse 
organic substau(‘es; and on sandy lands, if in con- 
junction with a system of /^re(‘n manuring. The 
old saying that liming the land makes the fathers 
rich but the sons poor,” has a grain of truth in it, 
for lime may easily be made to dei)lete the soil of 
humus, and even mineral constituents, to the point 
at which it no long(n* pi’oduccs profitable harvests; 
but, when judiciously used, in conjunction with 
crude organic, matter, it is often one of the cheapest 
of the indirect fertilizers, as it serves to liberate 
plant -food which without it would long remain use- 
less . 

Wherever lime can be secured cheaply, from 10 
to 15 cents i)er bushel, it should be used at the 
rate of from 20 to 40 busluds per acre in a small 
way at first, and the n^sults most carefully noted; 
for only by actual application can it be certainly 
known whether or not it will pay. Theorizing may 
be good, analyses of the soil better, but the way to 
solve all such problems is to put clean-cut questions 
to the land and the plants which grow upon it, and 
^hile listening to the answers, note tlie points which 
have been settled by the chemist and the experi- 
menter, that additional light may be thrown upon 
what is seen, or appears to be seen. The chemist 
in the laboratory and the farmer in the field must 
work together in the future. 
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LIMING TO (T)KHK(T A(’I1)ITY OK THK SOIL. 

No rxjxM-imriiLs with liinr liavt* atl i-jictod 

more attention than th(>s<‘ made* at lln‘ lihode Island 
Station,'^' and sinco tla*v ar<* d«‘stiiH‘d to la* I’ar- 
reaeliinj' in tlicir rcsnlts, it is a plcasnrr* to (jnoti* 
them tVerly. Of m‘«*<‘ssity, Iml hrirf extracts can 
he mad(‘, y(*t it is liojaal that tin* student will la*- 
eome sulTi(*i»‘ntly interi'sted to n‘a<l the full text of 
tile publication. The facts reached jin* doubly val- 
uable, sine(* they ^ive the results seenrecl in both 
field and laboratory, and tie* only re;^o*et is that 
spa(‘e does not p(*rmit inakiuL^ fuller ami more eon- 
neeted (piotations. 

''So far as we have be(*n able to asr*ertain, no 
one in this country has thus far (htiiiitely ealhal at- 
tention to the exist(*nee of an injurious dejrn.(. of 
a(*idity in uj)lands or naturally well -draiue(i soils, 
and at the saim* time pointed out a simple and 
practical means for its recommit ion. Amerieun agri- 
cultural chemists ap|)ear not only to have })een of 
the opinion that an injuiions de^oM^e of soil acudity 
is to be found only in muck and peat swani])s, and 
in spots where sta^cnaiit water o«'eurs, Imt they make 
no mention of rnakinj^ b*sts for acidity as a meaus 
of recognizing a deficiem*y of <*arl)onate of lime.” ^ 

"E. W. Hilgard,i* in the course of his work upon 

•^The Acidity of Uplands .Sdiis'* fl. .1. Wh<*cler. H. L. Hartwell and 
J. M. Tucker; being a ix)rtioTi of the Eighth Annual lieporl of the Rhode 
Island Agricultural Exix^riment Station. nj®5. 
t Tenth Unitcsl States Census. 
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the soils of the southern states, partieularly in eon- 
neetion with the sandy pine lands of Mississippi, 
has ealled attention to their need of lime, though 
we find no mention of tests for aeidity having been 
made in eonneetion therewith; he states, however, 
in a private eommuni(;ation, that the reeognition of 
tlieir acidity was what led to his recommendation of 
the application of this substance. He furthermore 
says: ^You are doubtless right in thinking that 

attention should be more definitely called to the 
importance of soil aeidity as an unfavorable agent 
in agriculture outside of swamp or marsh lands.’ 
A, Voelcker* says that ^ There is a ready test for 
ascertaining whether a soil is likely to contain an 
injurious constituent. All that is necessary is to 
put a strip of litmus in contact with wet soil; if 
the blue color of the test paper turns rapidly red, the 
soil is certain to contain something injurious to plant 
life.’ The soils which he appears particularly to 
have examined were reclaimed marshes, muck, etc., 
or what would be termed unusual soils. Several 
French writerst refer to the acid soils of Brittany, 
Limousin, and other sections, which in many in- 
stances have been wonderfully benefited by the use 
of lime. Many of the soils referred to appear to 
have been upland, or well drained. Schultz -Lupitz,! 
in speaking of the sandy soil of his section, in Ger- 

♦ Journal Royal Agricultural Society, England, 1865, p. 115. 

tSee particularly Muntz and Girard, Les Engrais, tome 3, Paris, 1891, pp. 
190, 191. 

t Die Kalldungung auf leichtem Boden. Berlin, 1890, s. 25. 
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many, refers to its j)oor in liim*, and, tlnnu^- 

fore, heeoniin*,^ sour and unlit for tin* (‘conoinieal 
production of plants; In* makes, lio\vi*vt*r, no refer- 
ence* to tin* use* of litmus paj)e*r ne>r e>f any e>lln*r 
means e)f de‘tinile‘ly ase‘e*rtainin^' its ae*idity, Itul a|>- 
pears to inter that it was ae*iel from tin* he*ne*lie*ial 
ae*tie)n e)f lime upon it. Iv \\\ Hil^^•l^el says:'*' 
^''Saurer SandheHle*!! is tin* e-xpn‘ssion I have* fre*- 
(luently ln‘ar(l appli(*et in Herlin te) tin* nplainls e»f 
that re*j;ie)n and tin* Mark I >ranele*ii)m!*^^ at lar^n*.’ 
VV. l)(‘tmart state‘s elistiin*tl\ I hat ne)t all soils which 
are e*xe*essive*ly rie*h in humus are* ae*iel, anel, em the* 
('ontrary, that sandy seals se)me*lime*s trixe* an ae*iel re*- 
aetie)n; and he* me*ntie>ns in the* same* e-enine'el ioji the* 
value* of the litmus )>ape*r te‘st as an iiielie*ate>r ed’ 
this e*onditie)n. 'Th. Hul)e‘in*rS like*wise* e'alls a.lte*ntie>n 
to the freepie'iit a(*-idity e>f sanely seals. 

^^S. W. Je)hnson II state's that 'a seal that is tit 
for agricultural pui*pe>se‘s e*e>ntains little* ea- ne> fre*e* 
acid (*xeept e'arl)onie ae*iel, anel e>fte*ntime*s |^nve*s an 
alkaline reaction with te*st pape*rs,' while* Ste>re*r^i 
asserts that ^‘ultivate.*d soils, theaii^h se)me*time*s neu- 
tral to test papers, as a rule e'xhihit a faint ae*id 
reaction; and e*x[H*riene*e with wate*r e'ullure* has 
shown that sli^rhtly aedel solutions are* favorable for 

♦QxioU'd from a private <*oinmuTii*'ation by p<*nnln»ion. 

t Sour, sandy >w»il. 

t Die Landw. Versuchs Stationen. 14. s. 277. 

^Schultze's Ivt'hrbuf'h der (Jbemie fiir Landwirtlie. Vierle Auflage, «. 588. 

I How Oops FVtsl, p. 2211. 

^ Agriculture, vol. ii., p. 148. 
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tlie ^rowtli of i)luiits. But any excess of soluble 

acids ill the soil would lie highly detriniental/ 
Jas. F. W. Johnston,''' in speaking of soils which 
are moist and where mu(di vcgcdalilc inattm* abounds, 
says that ‘ tlie effect bf this su])(‘rabundance of acid 
matter is, on the one hand, to arri^st the further 

natural d(‘(‘ay of the organic mattia*, and, on the otlier, 
to rendm* the soil unfavorable to the healthy growth 
of young or tender plants/ Vo(d(*kcrt says regard- 
ing the a(dion of soil upon litmus pajicr : ‘If the 

blue color of the test paina* turns rapidly red, tin* 

soil is certain to contain something injurious to plant 
life. All good and fertih‘ soils (‘ithm* have no (‘ffVid 
upon red or blue litmus paper, or show a slight 
alkaline reaidioii; that is to say, in a wet condition 
they i*estor(‘ tlu^ blue color to reddened litmus 
pajier.’ A. Mayert states that the so-called soui* 
humus is really somewhat sour, and that on this ac- 
count is, without doubt, injurious to plants. Shultz- 
Lupitz, as heretofore cit(‘d, speaks of sandy soils be- 
coming sour and iintit for the ]irohtable production 
of plants. ^[ulder§ claims that ‘a good soil should 
turn a red litmus paper blue’ (that is, it should be 
alkaline, and not acid). A. Stutzerll says that ‘a 
large amount of acid in soils is injurious to all cul- 

♦ Lectures on the Application of Chemistry and Geology to Agriculture, New^ 
York, p. 403. 

tA. Voelcker, Jour. Royal Agricultural Society, England, 1865, p. 115. 

ILehrbuch der Agrikulturchomie, Ueidelberg, 1886, s. 289. 

§ Chemio der Ackerkruino Bd. 1. s. 363, 364. 

I Leitfaden der Duugerlehre, Vierte Auflage, s. 78. 
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tivated plants.’ Tli. IIuIumht* slal«‘s that ’hardly 
anythiii^^ has so ^ns-it an inflin*nc(‘ upon tin* <*harac- 
tin* of the V(‘;jfetal ion as tin* eondilion of the Ininins.’ 
In this r(*sp(‘et plants may Ik' dividrtl into three 
(‘lasses: om* whieh thri\(‘s h(‘sf when* tin* humus is 
sour, anoth(‘r which r(‘fuscs to j^row wlnrc sour 
hiimns is pr(‘senf, and a third and the hn*^resl class, 
indi\'iduals of which can accommodat(‘ thcm- 
s(‘lves to eith(‘r condition; and also that wlnu'c a 
soil is i'e(‘o^miz(‘d l»\ means of litmus paper as ))cin^ 
sour, th(‘ acidity must Im* ov(‘rconic h\ the ns(‘ of 
marl or Him*. 

“(’(‘I’tain (‘ultivated plants hav(* hccii found to 
iK'arly or (juit(‘ su<*cumh until lime has hccii ap- 
plied, after whi(‘h they ha\(‘ made a ma|.cnificcnl 
/.growth; cliara(*terist i(* aimm^^ th(‘sc ma\ lx* mentioned 
common red (‘lover, spinach, lcttuc(‘, Hects and tim- 
othy {rhl*Km pnttfusr). Tpon onr soil, when left 
to itself for some time, certain plants seem eventu- 
ally to pr(*doniinate. whih‘ others gradually disapp(‘Hr. 
(’onsi(l(*rinj.,^ that the .soil contains no carHonate of 
lime, to the abs(‘nc(‘ c>f which, to^(‘(her with other 
basic compounds, its acidity is a|)parently dm*, it will 
l)e ol>vious, in conm‘ctioii witli what has been said 
above, that the natural vetj<*tation would be of a type 
suited to such a soil. llavinj' observed, therefore*, 
what plants thrive here naturally, the recognition 
of similar plants el.s(‘wln*re woidd h‘ad to the natu- 
ral conclusion that there similar conditions may 
also exist. Those plants whi(‘li have ai)p(‘arcd par- 


•Schulze'i Lehrbuch der Chemie fiir Landwirlhe, Vierte Aiiflagp, t. 589. 
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ticiilarly eliara(‘teristic of iudd soil in our innnediafo 
vi(unil,y aro tlu^ following: Birdfoot violet ( Viola 
pedala) , wild or ))i‘ard /^rass (Andnqm/on sroparins), 
S[)0(U(‘S of St. Jolm^s-wort {Hypericum ) , eonunon or 
soft rush {Juncus effusus), wood rush {Luzula eam- 
, and sev(‘ral nioss(\s; tln^ appearanee of eoin* 
]!ion sorrel {Rumex Acefosella) is eonnnon as soon as 
the soil is (uiKivated. In addition to one or two of 
the plants a]>ove inention(‘d, Khihin s|)eaks of . tln^ 
pine as a j^lant whi(‘Ji thriv<‘s h(‘st upon soil j)oor in 
lime. Various Freneh* and (Jerinan writers state 
that (dover fails to thrive u])on land d(‘tieient in ear- 
honate of lime, and, as above stated, we luive found 
the same to he true of timothy; so that by ohservinj^ 
not only those plants whieh thrive, but also those 
whieh fail to thi’ive, indirect evidence of the ne(*ds 
of the soil may he, in a measure, afford(‘d. In the 
course of observations upon the natui’e of the wild 
plants, cultivated ^rass(*s and clover, not only in 
many parts of Rhode Island, but also in some parts 
of Massachusetts and Conneeticut, the soil api)ears to 
be probably in somewhat the same condition as our 
own; quite marked changes in this respect are notice- 
able as one ti’avels westward from Boston. At a 
distance of twenty or thirty miles, clover and tim- 
othy are, in certain se(*tions, found to largely disap- 
pear, and farmers in su(‘h sections have stated that 
clover cannot be made to j?row, and that timothy 
runs out quickly. In fact, statements to the same 

♦Miintz and Girard; Les Enifrais, tome 3, p. 190; also Deherain: Traite de 
Chimie Agricole, 1892, p. 531. 
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ofTeci havi^ iv<M*ntIy <*01110 to our noti<*<' from Now 
York, ('oiiMootiout and s(‘voral of tin* <*ast(‘rn s(‘a- 
board stat(‘s.” 

Tin* Klnxb* Island n'port rnak«*s tin* followin^j 
suniniar.v of tin* lil(*ratur<‘ : 

''Tin* ronioval of plants from tin* soil, ainl tln^ 
nso of <*ortain f(*rtilizors, doubt l<*ss exhaust tin* Ilnn^ 
and other basie in‘,'‘r<‘di<'nts of tin* soil inor<* rapiilly 
than would be tin* <*as<* w<*r<‘ natui-<* alloweil to tako 
In*!* eours<‘. 

''That an aeid eoinlition is liabb* to result, in 
oons(‘(nn*iie(* of the abov«*- nn»ntioin‘d op<*rations, par- 
ti('ularly in tlio <*as(‘ of soils d<*rivod from nx^ks d<** 
liei(‘nt in basic in^r<*di<*nts, W(* b<*li<*v(‘ to bi* a r<‘a- 
sonabb* assumjition. 

"Wbib* sonn* plants, Iik<* clover, timothy ainl 
boots, app<*ar to lx* jnjur<‘<l by a la<‘k of <‘arbonato of 
linn* or by tin* n'sidtin*,,^ ac'idity of tin* soil, (»tln*rs 
appear to tbriv<* lx*st uinb*!* su<*h eoiniiti<ms. 

"A stron^dy marked n'ddonin^' of him.* litinua 
paper seems to lx* a siinpb* ami <*freetiv<* indication 
of the (.‘oiidition of a soil in tin* above- men tioin*<l 
particulars. 

"The value of a satisfactory metliod for flcterniin- 
in^ the relative acidity of soils would s<*em to be 
great. 

"A dangerous degree of acidity, or at least a fatal 
lack of carbonate of lime, appears to exist in upland 
and naturally well -drained soils, and is not confined 
to muck and peat swamps and very wet lands, as 
most American and many other writers seem to as- 
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sniTio, ill vi(nv of it appears tliat tlie test for 

aridity should ))e more fjfeiierally ai)plied to sueli soils. 

''That this eonditioii of uidand sf)ils has not been 
more fully r(‘eo‘'niz(‘d luu’etofore is not surprisiiifi;, for 
th(i reason that the failur(‘, or partial failure, of eer- 
tain (*rops, Ims Ihmui attrilmtx^d to winter-killing::^, poor 
^iferminatio!) of s(‘eds, drouj^dit, <‘xeessive moisture, or 
attacks of iusc^cts oi* fuufri. Tpon soils where certain 
])hints ar(^ iiijurc'd oidy to a limit<‘d extcuit by acidity, 
otbei's would be expe(‘t(‘d to thri\(‘ ])est of all, in 
conse(iU(‘n(‘e of whi(‘h it is not surprisiuf.^ that the 
caus(‘ for the partial failun' of c(‘i*tain crops upon 
them has not ))een s!isj)(‘(*t(‘d. 

"Th(^ inetlici(Uicy of land jdaster, as com])ared with 
air-slaked lim(‘, in the eidtun* of IxMds, and in over- 
cominj^ tlu‘ ill effect of sulfate of ammonia, as well 
as the hi^ifhly beneticMal results from the use of caustic 
magnesia and carbonate of soda, all tend to further 
strenj^then the imsition that the fault of the soil in 
question is a lack of basi(* injjfredients, to which tlie 
presence of noxious com|>ouiids, which may partly or 
wholly jj^iv’e rise to the acid reaction, is attributable. ’’ 

By the courtesy of Professor II. J. Wheeler, of 
the Rhode Island Station, I am permitted to make 
extra(*ts from a paper recently n*ad by him at Wash- 
ington : * 

"Soon after the establishment of the Experiment 
Station, at Kingston, R. I., it became noticeable that 

*"Tho Recognition of the Acidity of Upland Soils as an Indication of 
their Need of Calcium Carbonate.’’ Read before the Association of Americaa 
Agricultural Colleges and Experiment Stations, November 11, 1806. 
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the fanners, at least in tlie southern ])ortion of the 
stat(‘, i^rew ])ut litth* if any elover, aiul u))on in- 
quiry ainon^^ them, it was statial tliat it eouhl not 1 m‘ 
jjfrown, owin^^ to the fact that it winter- hilh'd. 'riir 
only place wh(‘n‘ elovcu* eouhl he se(‘ii to any < \lent 
was in a ft‘w licdds m^ar stahh's ami upon an (M‘<'a- 
sional farm wher(‘ wood ash(*s had previously been 
used. Timothy faih‘d to (‘lulurt* foi* moi'e than om* (H‘ 
two y(‘ars, while nal top and Ivliodc* Island hmt. 
W(‘re th(‘ two ^n’ass(‘s most univ(‘rsally found. On 
S(M‘din^^ land upon the eolh'jxe farm with elovaa' and 
mixed ^o'ass sei'd, it was found to he praetieallN im- 
possihh‘ to sreur(‘ a stand of timothy and (‘lover, 
th()U<.,di a fair crop of l\hode Island heiit and red 
top could he obtained. It was ohsei'\(‘d that, with 
an in('r<‘as(‘d apj>lieation of ainmoninm sulfat<‘, tlie 
crop of Indian corn was lessened inst<‘ad of in- 
creased, and where the full ration of liitro^nm in this 
form was used, the yield was mueh less than on an 
adjacent plat treated the saim* in othei’ resp(‘cts, hut 
where nitro^mn W'as not applii'd. 'J’his condition has 
continued uninterruptedly U|) to the jn-eseiit time. 

''In searching for a cause foi- tlM‘ ill etfeet of 
the ammonium sulfate, non -nitrification, and in (ton- 
sequenee of a poisonous effect of the ammonium 
sulfate or of compounds producecl ])y its laaietion 
within the soil, were considered. All of the condi- 
tions essential to nitrification seemed to h(^ right, 
provided the nitrifying organisms were present, unless 
perhaps the difficulty w^as due to an unusual acidity 
or alkalinity of the soil, which reaction was already 
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well known to (‘xort ji nijirkinl infiiKMKM* nj)on nitri- 
lii'afion in various nirdia. An (‘xaininat ion of tln^ 
soil i)y means of l)ln(‘ litmus paixu* reveakal tin* fact 
tluit ii was decidedly a(*id. In <'ons(‘((U(‘n(a*, the id(‘a 
ot‘ the us(i ot* lime naturally su^^<,^est(‘d ils(‘lt. 

'Mu reeoj^oiition of the wrilinj^s of American a^i'i- 
cultural e.h(‘mists, in which th(‘y not<‘ the (‘tfeet of 
sourness u])on th(‘ ‘^^rowth of plants in lowlands or 
w(‘t meadows, as well as thosi^ of fhiroiaaiu writers, 
soim^ of whom do not eontine, theii* referem'cs to 
swami) lands (‘X(dusiv(‘ly, and to lowlands naturally 
wet, the idea su^^^^ested its(‘If that th(‘ acddity of the 
upland soil at Kin^’ston miy^ht 1>(‘ sunicmmt to (‘xert 
a niark(‘d intlmuK'c upon tin* ^i-owth of various aj^ri* 
cultural plants. A(*(‘ordin‘i:ly, in ISDd an (‘xp<*]‘iim‘nt 
was b(‘^nin whi(*li has he(*n eontinm‘d sin(‘e without 
iutermission, in which nearly loO dilfmamt varieties of 
plants hav(‘ laaui t(‘sted in this ])artieular. In order 
to <‘liminat(‘ in this (‘xperiimmt, so far as possible, 
th(‘ intlmmei' of the acidity of th(‘ soil ui)on iiitri- 
lieation, sodium nitrat(‘ was (miployed upon two plats 
in eoniuH'tion with muriate of potash and dissolv(*d 
boneblaek, one' of the plats reeeivinj^ an additional ap- 
l)lieatioii of air-slaked lime. In the eonr.se of this 
experiment, some of the most strikinjjf ditferenees, 
not only in ineml)ers of the same family of plants, 
but also even in species belonj^inj^ to the same genus, 
have been observed. When fresh appli(*ations of lime 
had been made rye was benefited little, if at all, 
and sometimes apparently injured, while oats showed 
a slight benefit, wheat a very marked one, and barley 
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oven inon* than wlioat. S(‘n’a<loIla, lupines ainl one or 
two oth(‘r l(‘;^uniinons plants have' Ixmmi invaria)>ly in 
jniHMl by linlin^^ while i-od clover, p(‘as and (‘crtain 
otina's ha\(* IxMai Ixaiclih^d d<‘(*i<lcdly lhci*chy. One (d’ 
tln‘ most r(Mnarka})tc instances is that of watermelons 
ainl innskinelons. The former in two trials were in- 
jnr(‘(l )>y liinin^^% and in the s«‘eond tiaal in a most 
serious (h'j^n'e; whil(‘ the latter wer<‘ a total failni’e 
wheiN' linn* was not ap|)lied.” '*• '• 

"fn th(‘ (*ours(‘ of these i*xj>erinients it has he<*n 
found that (‘aleinm sulfate* <loes not pr«'venl the ill 
(‘tf(‘et of amimmium sulfate, while aii*‘slal\e(l lime 
does it (‘tfeetually. Maj^nesinm sulfat(‘ fails lik<*wise, 
while (*austi(‘ ma^niesia is ]ii;^dily effe<'tnal.” 

:jc :j; 

"From th(‘ fore‘,n)inj,^ it will 1)(‘ se(*n that tliere 
is ‘^reat pj*ol)ahility that the larerr iK»rtlon of the 
state of K’hode Island is sntrerin;,^ from a deti- 
ei(‘m\v of ('arlaniate of lime, a fact which in many 
instaiU'es would not have he<*n surmised frf)m a de- 
termination of <*aleium oxid in a hydro<*hlorie a<'id 
extract of the soil, for in the, soil of the FiXp<ri- 
meiit Station at Kin«^ston tliere was found ujion tin*, 
hill, by this method, Ao per cent of <-aleiiim oxid, 
and upon the plain Ju jier cent, in both of which 
eases one would have been disinclined to believe that 
such a serious defi<*i(*ncy of carl>onate of lime existed. 
In one experiment at the Khode Island Exjieriment 
Station, p^ypsum wjis applied at such a rate that the 
equivalent of .2 per cent of calcium oxid was pres- 
ent in the soil, yet without overeorninj' the ill effect 
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of JiinnioniuiTi sulfrito. In jiiiothor (‘xporiTiiont, pryp* 
sum ropreserit in^ a])()ut .13 ])(‘r r(*iit of (*alciiim oxid 
failed to have t]i(‘ same Ixaudiiual (‘ffe(*t upon the 

pfrowth of l)e(‘ts and harh^y as an e(piivalent amount 
in form of air-slaked lime. It must he obvious, 
thei(‘ton^, that, in (certain instaiu'es soils may (*ontain 
even a hi^di p(‘reenta}.re of lime, all of whieh may be 
in such eombination within th(‘ soil that an aeid re- 
md.ion is ]>ossible, wlu'reby plants are injured, even if 
nitrates are supplied, in w]ii(‘h (*ase eal(*inm (airbon- 
ate or other alkaline a^rents ai*<* etlicdcmt nmualies It 
will be s(Mm, furth(‘rmore, that where sm'li soil-(*on- 
ditiofis exist, a t(‘st for a(*idity <^dves a better indi- 
cation ot th(‘ iKM'ds of th(‘ soil in I'esjxM't to lime 

than an analysis of the hydi’oehlorie, aiud extract, 
and in view of the fact that many soils, not only 
in Rhode Island, but sonu' also from (a)nn(‘etieut, 
Massa<*hus(‘tts, New York, Virjifinia and other states, 
have been tvstial in our laboratory and found aeid, 

and in vitnv of th(> aetual dtmionstratiou of the value 
of lime in the culture of beets in various parts of 
Rhode Island, it must be obvious that agricultural 
ehemists should ixivo more attention to this imimrtant 
factor in their examinations of soils. Most of the 
soils upon whieh lime has proved so beneficial in con- 
nection witli the culture of beets, and several where 
clover has likewise been benefited in a most wonder- 
ful manner, belong essentially to that group of soils 
which would be considered as upland and naturally 
well drained, and would not be classed, under any cir- 
cumstances, as naturally wet, or be spoken of as 
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■ swanii)s’ ()!• ^ inorassfs.’ It will 1 m‘ sciai, tli(‘n‘lorc, 
that tli(‘ (lucstion of tin* orcurnan'o of ari«lity in u|)' 
land oi* naturally wrll -drainrd soils, <‘\cn fhon;^di it is 


A « 

F'i;;. 40. KniktIuk )i1 s witli Ifttivo upon U' i'l ^oll>'. 


3 



almost nnnicnt iom*d hy Ann*ri«‘an a^nmndt nral wi'itrrs 
as a inattci* of importamT, is d(*srrvini.r, in (MTtain 
st'ctions of this conntry, of perhaps e\« n more attrn- 
ti(m than it has I’eeeived in Mnrope.” 

In order to still further (‘inphasi/e the im|)ortanee 
(d‘ these experiments ill eorre<‘| in<^^ the acidity of tin* 
soil, four pictures of comparative \ i<*hls are taken 



Fill. 41, Kt“(l tal>lo tfrouii n'sp«‘rtivfly with Kypsurri, an'i no alkali. 


from the Eij^lith Annual Hej)ort of the Rhode kland 
Station. Fi^^ 40 shows yields with lettuee. The two 
plants at the left are representatives of plats which 
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re(}oiv<Hl sodium f*ar))onat(‘, flio oiid one a full ration 
and the seeond one a half ration. Plats (r(‘pre- 
sentinl at th(‘, rijjfht) whi(‘h had no sodium earbonate 



Fit;, a’. Su^.'ir bools tro.‘ito<l liko tljoso in Fi;;, 41. 


|)rodu(‘(‘d 110 plants. Fij.?. 41 shows eoniparalive 
yiehls of i‘(‘d tabh‘ Ix^ets. The two jiiles at tlu* rijj^ht 
r(‘e(‘iv(Hl no lini(‘; thos(‘ in th(‘ iniddh* rixadved land 
plastca*; and th(‘ two piles at the h4‘t had air- slaked 
lina‘. Fi^^ 42 is illustrative of tin* yi(‘lds of su/jfar 



Fig. 43. Mangolds without and with lime. 


beets, the treatment being: in the same sequence as in 
Fig. 41. Fig. 43 shows mangolds. The pile at the 
right was from a limed plat, and that at the left from 
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an nnlini(‘(l plat, liotli al.so «‘<1 imiriatc* of pot- 

ash, (lissolvi‘(l hono-l^laolv and nilrat(‘ of soda. 

(JVi’sr.M, OK i.ANi) 

Tin* ]n-a('ti(M* of sowinj^ small (piaiilili«*s of j^ryp- 
snni, or snifatt* of jinn* (VaSO;) on <*lov<‘r lidds soon 
aft(‘r lli(‘ plants start in tin* sprinJ^^ ainl on inaizo 
and potatoes when a few inelies hi^di, was eoinnnm 
in many lo(‘alities in the Tnited Stales wh(‘i*(*ver 
the fields were within easy reaeh of the plastor beds, 
from a)»out ISdo to iSIJd, sIihm* whi<‘h tinn* its use 
has been lar^n'ly ahandoiied. In early da\s tin* ap- 
])Iieation of one or at most two Imslirls prr a<'re 
on elovei* not infn*<jnent ly r<‘snlted in ineiN'asiii;^* the 
yi(*ld of hay from lit) to bO per emit. As time passed, 
it was oh.serv(*d that ^yj»snm failed to pi-odin*e tin* 
old -tinn* resnlts. At first it was supposed that 
the (piality of the f;y|)sn?n had <letei'ioratod, hnt m. 
few (*xj)erinients with tliat of known (*omposition 
showed that the troulile was not all din* to the 
poor (|nalit\* of tin* material, tln)n|.,di some of the 
^'ypsnm on the market |.^av<* evidenee of not h(*in^ ii}) 
to a hi^li standard, as is sliown by tin* followinj.^ 
table of analyses made by Ih-ofessor (1. (ialdwr*ll, 
Cornell University, 1S7I). He i)reee(h*s the table with 
the followiiif^ explanatory not<*: 

■^Ordinary plaster, as used for a^ri(*ultnral pur- 
poses, owes its value to the sulfate of lime that it 
eontains, and whieh, in the following? table, is des- 
iefuated as pure plaster; the other ingredients are 
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(*ai‘])()nate of liino and (‘iitin*ly worthless iiisol- 
uhle mutters.’’ 


Insolulilf I’lin* 


liocality. 

My whom saniplod. Kiallor. 

ItlasItT. 

Nova Scotia. 

Station. .7(» 

itd.'.t 

( ’lockvilh', N. V. 

( 'anastot.i I’ai jnors’ Club. H.tiJ 

(iO.T.S 

( .'hittcnaii^^o, N. V'. 

“ “ •• (i.OH 

H2.11) 

(’ottoMs, N. V. 

“ '• •• i;{.oi 

(17.0 

Wan\j>svil!o, X. \. 

11.1 

r, 

Fayctt(>vill<‘, N. Y. 

T.oH 

77.27) 

('ayll^^’l Ii(‘(]s, X. V. 

riubtonniiUMl. 

72, (»7 

Onoiola^'o ( 'oiinty. 


77.(11 

()noti(]a^(j ( '<). Mills. 

1*’. L. Kilbnrn. riidctonoinnl. 

•IS. 7.7 

Spriii^'poi't Hods. 

Dr. S. .M. Ibilxnx'k. S.llt 

(1(1.71 


(fypsiim is now used \o so?ne (*xt(*nt on tli(‘ llooi’s 
and roost plattorms of hen lionses, and on tin* lloors 
of (‘ow and ]iorst‘ stal)les, to (ix tln^ ammonia whii'h 
t(‘nds (o (‘S(*a|)(‘, and to dry and sweidmi the stahles. 
It is l)eli(‘ved that this indiiuMd way of reacliin^^ 
th(‘ plant is (|nit(' as satisfaetoiy as th(‘ dire(*t 
nudliod, and that th(‘ valual)h‘ results reaehed in the 
hams nowise injures the effe(*ts whieh mi^ht h(‘ 
S(‘eured from a dinnd applieation. It requires 400 
parts of water to dissolve on(‘ of jj^ypsum; liemaq 
an applieation of from one to two bushels per aere 
is lik(*ly to he as Ixmeficial as a larger quantity, 
(lypsum should not be api)lied to prrowinj^ i)otatoes 
or to land intended for ^rowin^ them, h ’’ tin* same 
I'eason that lime is withladd; viz, a tendeiK'y to in- 
erease the disease known as seal). 

Formerly it was believed that the marked l)ene- 
heial results of a li^ht applieation of t^ypsum, es- 
peeially on clover and maize, were produced by the 
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action of the ^y|)snin on tin* l(‘avi‘s and stems of 
tlio plants, (‘iiahlin^ tlicni to (•onscrv(‘ inoistnrc; that 
IS, it pivv(‘ntc(l rapid transpiration from tlmii* siir- 
fa(M‘s, and hema* carricul tin* plants satVly tlirontrh 
pel iods ot dronj 4 'ht . Hen(*(ieial (*tfeets ot ^\ |»snm 
eonld not la* dm* to the linn* whieli it contains, 
siiKM* tin* ((iiantity applied is intinitesimal ; lOO 
pounds, ot tin* averaji^t* eomp<»sition (►f tin* t<‘n sam- 
pl(‘s ^iv(‘n in tin* ]>reeedin^ tahlrs, would cdutain 
hut 2t; lamnds of linn*. It is now hclieved that 
gypsum acts upon tin* douhle silicates, and lihcrates 
and mak(*s availahh* tin* potash whirh, in the ahseiiet* 
of the Kypsum, would he unavailahh*. It may also 
tak<* up and fix small (plant it it*s of ammonia from 
the air. lh‘i]*(* soils treati*d with ^^ypsnni an* found 
to contain mori* moistiin* in dry wcatlnr than thosi* 
wdiieli ar(* untr(*ati‘d. \Vln*ther it produces tin* r(*sult 
hy eonservin^r moistun*, (»r hy takintc it from the 
atinospln*?’(*, or acts in hoth dir(*ctions, is not cer- 

tainly known. When arahh* soils have he(*n d(*plel(*d 
ot a pai't of tlu'ir p(»tash, it may lx* hctt(*r to apply 
potasli than to s(*t fre(* tin* small amount reinaiii- 

inj' in the .soil liy the use of /..gypsum, (*sp(*eially 

when pliosphates an* u.s<*d, for tln‘y contain a larj^c* 
liereentaj'e of fjyp.snm, which is .s(*eured hy treat iritf 

insolnhle jihosphates with snlfnrie acid; tin* latter 
unites with the lime and forms sulfate of lime, or 
j^ypsuin. Therefon*, w’ln*iiever phos|)hates are used 
additional ^ifypsuin wa>uld he unnecessary. 

In speaking of W\‘stern and (’entral Prairie 
Soils, ^ in fhilletin 30 of the Minne.sota A^rieul- 
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tui’nl Kx|)(‘riint*nt Stiitioii, Professor Snyder 

says: 

''The iiidire(‘t aetion of land i)lasl(‘r (^yi)snin) on 
lh(‘S(i soils in liberal iii*^ ])lant-food, i)ai*lieiilarly potash 
and j)hosphoi‘ie ai'id, is nnnsnally niai‘k(‘d. Ex})ei’i- 
naaits eondiiet(‘d in th(‘ laboratory hav(^ shown that 
small amounts of gypsum are (piit(^ ardivt^ in render- 
ing,^ potash, i)hosphoi*i(‘ a('id, and o\v\\ nitro^uai, solii- 
l)h^ in the soil water. It is not tlu‘ land plastei* itself 
that fnrnish(*s th(‘ food, hut it is th(‘ i)ow(‘r that it 
poss(‘ss(*s in inakin^ the mima’al matters availahh^ that 
ai‘(^ aln'ady in tlu' soil. Land plaster a(‘ts more as a 
stimulant and not as a direi't tVrtiliziu*, and if not 
used to (‘xe(‘ss it will be a, ])rolital)h‘ fertiliz(‘r to usc^ 
on th(*S(‘ soils, esjieeially to brin‘d in j^rass and 
('lover.” 

From what has Ihhui said, it will Ix^ seen why 
f^ypsuin fails to ])rodu('e the mai'ked results it did 
when the soil ('ontaim'd lar^e stores of potash 
whi('h only needed to Ix' liberattal to beeome useful, 
and that by tlie use of phosphate or snix‘rphospliat(‘ 
a double benetit may be secmred, as they may provide 
phosi)horie aeid dirtx'tly and potash indireetly, — two 
luMH'ssary elements of jdaiit growth. Wluuiever gyp- 
sum fails to ])rodu('e marked benetieial results, it may 
be assumed that potash would be benetieial. Not- 
withstanding what lias been said, the use of small 
quantities of gypsum about the henneries, stables and 
manure heaps should not be diminished, but rather 
increased. 

The alkali soils so common west of the 115th me- 
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ridian may in many casrs la* successfully tilled if an 
a})plicati()U of j^^ypsnm is madt*. i)lo\vin}x and 

fnM|uent surface tillage may also be niad(‘ to assist in 
rcelaiminji; these lands. Ih'ofcssor Iv \V. of 

the A<^OM(‘ultural liXpcrinicnl Station of the rniv(‘rsily 
of California, in his r(‘porl in ISS!), on tln‘ treat- 
iiKMit of alkali soils which contain such lari 4 :c per- 
c(‘nta”‘cs of 'M)la<*lv alkali” (carbonate of soda, or 
sal-soda), and also tln^ less hai’mlnl ”whil(* alkali,” or 
sodium sulfat(‘, .says: ’'The remedies siij^^^^'sted aiv 

lar^tdy bas(‘d u]>on th(‘ diminution (d‘ surface evapo- 
1‘ation, the pr(‘V(‘ntion of the formation ot snrtaee 
crusts, and, in ea.si* of the presence ol the most nox- 
ious in^^i'ialitmt, earlxmate of soda, its neul rali/.at ion 
by means of land plaster, which converts it into a 
harmless neutral salt.” ” ^i'lie analyses having tui*- 
tln*r shown the presence in most, ot tin* alkali salts 
of hli*^(‘ .sup])lies t)f p(d(is/t stdfs, sohfhfv pitospltuft s ^ 
and viiratrs, tlie lii^di and lastin^c productiveness of 
the land when reclaimed has b<-en })lae‘*d beyond 
all ('avil, and has, in nnmerons east's of intellit^mnt 
tn*atment, b(*en amply eonfirnnHl by (*xj)(*rienee.” 

The above emphasizes the fact t]}at soils may 
contain an abundance of pobuitial fertility, ))ut fail 
to respond to supei*ior tiihif,m. In like manner many 
soils with no injurious carbonate of soda do not 
j^ive full harvests, not for lack of potential fertility, 
but because some one or two factors necessary to 
full production are not .seen, or are ij'nored. 

The value of both salt and i^ypsuin, when used 
on friable soils, for conserving moisture or for seeur- 
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in^ it from air, has lon*^ been known, but no ex- 
tended use has btum nia(h% at least not in this 
(‘ountry, of a mixtui’e of salt and |^y|)siim, to the 
snrtaee soil. SiiuMi plants too fre(|uently suffer for 
hufk of moisture dnrin<^ eonsid(*rable peri<)ds in tin* 
summer months, it mi^dit be wis(‘ for the farmer to 
makfi applications of this mixture in a lai*^e way, 
sima) both <^ypsuni and salt are im^xpensive. Tin* 
followin^jf tabh* bri(‘fly sets forth the results of sonn* 
investigations at (kuaiell:'*' 

Aiiplk’utiou per acre. 

IMat 1 ;}()0 lbs. ^y|)siiiu. \ Excess of moisture in llrst 8 

'too “ salt. inches of Plat 1 over IMat 4, 

Plat 4 (adjoining;) untreat<‘<l. ) poumls. 

It is not always possible to seh‘et field phits of 
exactly uniform surface and subsoil texture or fer- 
tility, h(‘nce there is need of verifyinj^ plat experi- 
ments in pots filled with soil of uniform texture and 
composition. Unj^lazed 8-iii(*h flower pots filled with 
17 pounds each of loamy soil were phictnl in a 
‘greenhouse July 11. One pound of water was added 
to each pot July 20, 24 and 28, and 2 pounds on 
Au^^ust 2, 8 and 11,-9 pounds in all to eacli pot. 
A determination of moisture on August 16 showed 
that tlie pot treated to half a pound of salt and 
gypsum contained 12.09 per cent moisture, while the 
untreated pot (contained 6.01 per cent, or less than 
half as inuch.t 

* Second Annual Report Cornell University Exp. Station, 1892-3. 
t Unpublished experiments, Cornell University Exp. Station. 
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ASHKS. 

The value and (*oinpositiou of woo(l-asht‘s vary so 
mueh, owin^^ to kinds of wood frcmi wliirh they 
are prodiu-ed, th<‘ intensity of tin* tin* wh(‘n tin* wood 
is ])nrn(*d, and tin* (*an‘ ns(‘d in slorin^^ tlinin, tlial 
tlivir aj^rivnltnral vahu* can ncvn* ))c knowii with 
any dc^r(‘e of a(*(Mira(*y without liaviii^^ llicni analy/,«*d. 
Ijar^(^ amounts (sndi as car-load lots) ai*c nsnall\ 
made np of many small lots ])n?‘cliasc I at tlie farms. 
These vary t,n*(‘atly, and as tin* vaiaous purchases arc 
seldom thorouj^dily mixed, it is diflicnlt to ^.fct a 
sampli* wliii'h fairly rcpr(‘scnts an avcraj^rc. and, 
tlu*rcforc, in all <*as(*s, cxcc])t when* tin* ashes arc 
uniform in (*haractcr, they have to he purchased with- 
out a full knowled^^e of their com])osil ion . 

Nev'erthelcss, a knowl(*d^n‘ of tin* com])osition of 
a larpfe nundn*r of samples helps the pnr<*haser to 
jud^e mon* (;orn‘etlv as to tin* valm* of nnanalyz(*d 
ashes than In* (*onld without such km»wledj^^e, (‘spe- 
cially if something can be l(‘arm*d as to wln*re and 
how th(\v wen* j)rodueed. 

The following: ta]>les are submitted, with tin* b(*lief 
that they contain some value wln*n studied by the 
intelligent reader: 


TABLE LXXXIII. 

Canada hard -wood anhex. 

(SoM a.i aarh.) 

Average of fifteen analyses made by varioux xfafionx. 

IV r rent. 


Potash 0.17 

Phosphoric acid 1.88 
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furious Wi>uih. 

Tho followin^^ an; tho results «>f analyses Tna<ii* at various stations ; 
in nio.st, oases })ut one dfterniinal ion was made : 

lMu>s. jicid, r»»t;isli, 
nereent. per cent. 


Soft wood, taken aft<*r In-avy rains <11 .‘{.(VJ 

“ “ “ I.,') 

Tine “ “ “ “ “ (Ill l.a.'i 

S[)nie«', from hoiler fiirnaea* I.t 4..{!) 

( ’eiljir 1 .!)! o.OIJ 

Sprmu', from imile-r furntu'e l.L’7 l.lld 

l.iT 

“ fan l)Jirk 1 .41 L*. 1 

Soft wood 1.7s l.l).") 

Ifjird “ 'A. 8.4(1 

“ “ 2.o(; !♦. 

Hireli (wij^s It'ss tlian 2 indies in eliaimder. . . fi.S'.f 1.8(1 

White ash 1.2h r).2;i 

Maph* and hirdi 2.12 7.2.") 

“ birch, iK'aeh, ash and e lm l.!M» 8.11 

amlbirch 2.(>() 4.87 

Mixed stove ashes 1.48 7.7 

“ heater “ 1.28 8.(i!) 

Maple atnl birch 2. Oh (hd") 

Florida hickory 1.4 2.84 

Kentucky hickory 1.2 1.77) 


41. H 100.04 

•Vvera^e « 1.00 .">.0") 

W'ooii (tsht's. 


(( trij^in emkiiown.) 

One hundreel and tiuve analyses by the Massachusetts Kxperiment 
Station give* the feellowing : 

Average, Extreme range, 
percent. percent. 

Pho.sphorie acid. 1.0.3 .5 to 2. 

Potash r>..2 2. “ 10. 


Forty-thre<^ analyses made by the Connecticut Station : 

Per cent. 


Pho.sphorie acid 1.42 

Potash 4.96 


Average of both 


ri.53 

ts.ia 



C<Htl (tud Vidtnu ( d Aslits. 

Tli(‘ av(‘ra;;c of th(‘ ISJ aiialNs<*s alKiva* is 

r).2() jM']’ <*<‘nt (►! j)<>la>li aiai 1.0.) pri* ('(‘iil of plios- 
|)li()ri(* acid. Wlialcvcr v.ilm* m.iy he i^’wvw to the 
a])ove aNei'a'Xes, the fact .should not h(‘ for^»-otten 
tliat tin* \ariatiou in eoiiteiit and values in the 
various samples is •^a’eat. 

In ivspeet to eoal -ashes, it ma\ he said that they 
hav(‘ no value as plant -food. (Sre Appendix.) In 
rare eases they seem to rxrrt some heiielicial ai'tion 
upon tli(‘ physi<-al eoiistitiition of the soil, hut, in 
f)^(‘m‘ral, it may Im* said that the ))cst use wldeh can 
be made of them is to ])ul them on roads. 

(a)'r'r()N-si:ia) iii ll .\siii:s. 

In j)reparin‘4’ cotton -seed for extraetin*,^ the oil, tin* 
hulls or hran of the se d are remo\)*d. Soim; of them 
are hurned as fuel under boilers, and sonn* are fed to 
<'attle. The eomj)osition of the ash of liulls is no 
inon* uniform than that ()f wood -ashes, as tlif‘y an* 
lik(*ly to he nnxed with wood allies of inferior (pial- 
ity, and otln'r substances. 

The avera^^e of si.x analyses made at thc^ (Jonneeti- 
eut Station is as follows: 


Vji1h«> 

IVrf'f nT. jM-r t«»ji 

Pho,‘<i)horic 

I’otash 

The averapfe of ten arialy.ses from the Massachu- 
setts, Alabama and Arkansas Stations is as follows : 


f'xtrono range 

to 17.72 
10. .'{8 “ 32. 7» 
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Viiliio 

Averaco of both. 


Per cent. 

ln*r tr)n. 

Per cent. 

Phosphoric acid 

9.89 

5i!i2.8r) 

9.72 

Potash 

23.20 

20.12 

22.05 



$2.1.97 



It will be seen that the pereenta^(\s of potash and 
phosphoric aeJd vary as widely in (*otton-s(‘(‘d hull 
ashes as in wood aslu^s. This is ])i‘obably not due to 
adulteration, but to the kinds of fuel l)urn(‘d under 
the boilers in eoiijuuction with th(‘ hulls. Frequently 
pine wood is us(‘d in i)art, and if ndV^nuiee is made 
to Tabh^ LXXXrri. it is s(M*n that ash(‘s from pine 
may eoutaiu not more than .(>(> per cent of j)hos- 
plioric aeid, and 1.53 per cent of potash. It is 
evident that if ])iue wood forms any considerable 
portion of the fuel used to supi)l(mient the hulls 
the value of the resultant asluss will be materially 
reduced. The only safe way is to purchase ashes on 
a jjuaraiiteed analysis, since it is scmmi that one suj)- 
ply may be worth three times as much as another. 
Ash(‘s of a jjood quality api)ear to im})rove the 
physical texture of the land, as well as to furnish 
valuable plant-food in a most acceptable form. 

RIVER AND SWAMP xMUD, AND PEAT. 

Six analyses of river and swamp mud from va- 
rious Stations give an average of : 

Per cent. 


Water 69.2 

Nitrojren 22 

Phosphoric aci(i , 11 

Potash 08 



Pfnt as an Ahsorhfnt. 


mi 

}inalys«‘s of ]M‘at from various Stations 
an avora^n* of Ju \)vv tM-nt nitn^j^^mi . Tlirr(‘ anal\s<‘s 
from various Stati<ms ^nvc an av(‘ra^r of .LM ptu* 

(•(Mit ])hosj)horic a<*i<i, ami .l.‘{ Ihm* cent potasli. How 
mucli of tin* various suhstam'os wrrc available is not 
statod. 

If tln‘ al)ov<‘ |)<‘na*nta^rs of valuahlo const it muits 
an* companMl with those ^nven in Tahlcs I. ami II. 
(pa^cs rj ami 14 ), it will lx* seen that the swamp 

mu(*k ami peat are not richer than the ^^ood soils, 

with th(i (‘Xeeption of the nitro^^nm in tlie peat, 

which, without douht, is far less available tlian it 
is ill pfood soil. Heat, if dried, may he used as an 
ahsorhent for li<iuid manure, not so much for its 
inh(*rent valm* as for eonservin^^ the niti’oorn in the 
manure, and for improvinj^ the condition of tin* 
staldos. 


M.AKL. 


Twenty 'two analyses (»f marl from Kentuek.v Sta- 
tion (ehara(d<*r not speeitied) j,Mve an averaj^e of : 

I'l r 


Phosphor if* arid 047 

Potash 0.0 

1.11 


Three analyses from the Conneetieut Station ^ive 
an avera<^e of : 

P<T rr'nt. 

Phosphoric acid ] 

Pota.sh 5 4'} 

Twenty-four analyses from the Maryland Station : 
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Extreme range. 

Per rent. Per rent. 

I’ho.splioric arid ng 1 . to 2. 

Potawh J.29 2.5 “3. 

Seven analyses of fossil marl by the Ktmtucky 
Station : 

Per cent. 


Pho.sphori(! acid 23 

Potash 1.17 


Six analyses of shell marl by tlie Kentucky Sta- 
rion : 

Per cent. 


Phosphoric aci(i 21 

Potash Tit) 


The potential plant -food in marls is not readily 
available, and lumee is of less valuta per unit than 
when contained in hi"h-f?rade comiiKa’cial fcrtiliztu’s. 
Liberal ap})lications of marl are usually ))eneh(*ial, but 
its value per ton is so small that it can only be used 
near the beds wliere it is found. 


MUCK. 

Ten analyses of muck made by the Connecticut 
Station ^ivo an averafre of 62 per cent water and 
.68 per cent nitrog^en. Ten analyst's of partially dry 
muck from various stations give an average of : 

Per cent. 


WTater 27.78 

Nitrogen 1,02 

Phosphoric ncid 23 


Five analyses from the Connecticut Station give 
an average of ; 



Much is i<lou< in its Action. 
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IN'r ctMil. 


Wntor '17>r> 

ri.'i 

IMiosphorii* arid I(i 


Sov(*n samples from various Slat ions ^nv«* an av(‘- 
raf'O of : 

I’l f riMll. 


Watrr .'U.H7 

Nitro^rii I. 

l*h<»sjdio?*i<‘ arid J.'i 

INita^li d!) 


If is ])rohahle that a lar^e portion of tli(‘ plant - 
food in mn<‘k is insoluble; if so, its value would be 
mneli less than at first ^^lama^ mij^lit be sn|)pos(*(i. 
How(*v(‘r, mnek is often a vei-y (‘xeelhmt dressiiijjf for 
improvinj' the pliysieal eondition of th(‘ soil, either to 
l)reak up and loosen hard idays, or to inei‘eas(^ tin* 
water-lioldin^ eapaeity and to lessen the leaehin^ of 
li^ht sands. 


SALT. 


Common salt, or <ddorid(‘ of sodium (Na(d), is 
seldom ai)plied to tin* land, althouLdi it has lon^ 
been known tliat it sometimes increases produetive- 
ne.ss, promot<*s brif^ldness and strenf'th of straw of 
tile cereals, when apjdied in moderate* (piantitif‘s on 
certain classes of soils, and acds in other ways whie*di 
are not well understood. Its application has proved 
to be of no benefit, or jmsitively harmful, epiiUi as 
often as it has been beneficial. 

Several species of herbivorous animals, when not 
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near tlie sea-(‘nast., liave a IoiuIik'ss for salt, wliirli, 
if judiciously i^n-atilied, is InuKdiidal to tlic aniinuls, 
especially in tlie case of cows in milk. It improves 
tli(‘ir app(‘tit(‘s, incivas(‘s tluur iiow of milk, and iiidi- 
r(‘ctly may facilitate tli(‘ churninjjf of (u-cam. Fi*om 
this it would ])e natural to comdudc that the j)lauts 
ar(^ unal)le to secure' (moui^'h salt to fully satisfy the* 
animals vvhiedi eat tlami, and that in many <‘as('s 
li^ht applications of salt mif.^ht Ix' made' to iiidi- 
reu'tly iiu're'ase^ the jjfrowth of the' ])laut, and then*- 
foi‘(^ ])romot(' th(‘ welfare' of the' animal and the 
(piantity aiiel epiality of its preeelueds. 

Salt, applied at tin' rate' eef 200 te) 300 ])ounds 
per acre, may alse> assist the se)il in conse'rviuL!: 
moisture*, anel in se'enirin^ meusture* freun the' air. 
Ck'rtain it is tlmt lanel treaited with salt e'e)utains 
me)re me)isture in elry we'atlu'i* than that whie*h is 
untreated. The a])])lie*atie>n ed’ a mixture e)f eepial 
parts e)f salt anel ^•ypsum dai'ke'us the' soil, anel hy 
its action tends iueiireetly te) furnish moisture ne*ar 
the surface for the* use' of plants. 

A solution of salt may be made to conserve' 
fertility in manure he*aps, espe'cially when te)e) rapivl 
dee'omposition is takin*^ place, as is likely to e)ce*ur 
when manures e‘e)ntainin<j: larp' amounts of e*oarse 
beddinjj: and the voidin^s of horses are place'd in 
large piles. 

The use of salt to destre)y wire -worms is often 
recommended. Extended experiments have shown 
that an applie*ation of some eight tons te) the acre, 
which would be necessary to kill the wire -worms, 
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would 1)0 an ainouiil so as (o d(*stro\ Hourly 

all voj^olatioii.'*' 

If lias l)(M*ii l)ri(‘lly shown how sail, linic* and 
jjfypsuni may, midor <‘or(ain oondilions, ho niado to 
|)!‘omot(‘ j)lanl «^o’owth: just wlnm ami wlioro those 
<*ondilions may ho prosmt «*;in ho (h'lorminod only 
hv (*arot’nI ohsm*valion and <*\|)i*rinn nfal inn. Now 
that all of thosr imliriM'l IVi-tili/rrs and animidnionts, 
ooiis(‘r\ors of IVrlilily and mnisliiii*. ha\<* hooomo 
ohoap and ahnndanl. iho nso of sail and lime* al 
h*asl slioiild hoooiiM* mor*e* e*onimon, with tin* siow 
of dot<*rniiniim^ lla*ir nsol’nlmss in any case, 

wln*n used alom* or in <*onjnm*lion with ollu-r snh- 
staiioos. 

* S( i> l>ull. K\p. Sfa. 

N(*TK. — 'I’Ik' atiiiitioij «if Dim is a^ain ralli'<l lo tlii* trrin ‘‘valtm 

per toil," \vlii< li tfiiii lias laaoi Io n* an<l in pri-i-»-<liiii; i liaptrrs. WIimi 

miiiualitlfil, tlio toiMi is ini''I<a'liiii;, .v«*t it apjuars to !«' Ili<‘ Itfsl that, 
can hn n>c.l. 'Ph*' j.lant foo<I in cm.!.* ai:*! nn- < 0 H cnt ral< <l f* rt i I i/i iij{ ma 
tcriais is lik<‘lv to In* J« --s {i\aiial»h> than in liiyli ura'lo f<t f i 1 i/s-rs. Kroin 
HI t«i IM) per Cent of tJio valnal'le ron«.i a ncni s «>f t)io lan<T, and only froin 
o lo in p« r font, and oven of tho forni' r, may ho rondily aval) 

ahlo. 'Pho <li‘tcnninatioiis from wiii-li tho aho-.o talni s of innek and marl 
arc* mailo seldom jiivo llio nindition or .lilahilil v of th* ir plant for/d, and. 
therefor**, their tnio valii*' is ij<»t known. Keliahlo e*«n*‘lnhi‘*ns can only 
I.e p aelied hy earofnlly n<*tini; the* eo>.( ,,f t ransiajrtatiun ami application, and 
the efTcM't on the .soil and erop. 



CHAPTER XIV. 


GREKN MANURE.S AM) EALLOm. 

Having done what he eaii to inii)rove tlie pro- 
diietivci power of liis farm by im^ans of superior till- 
age, barn manure's, fertilizer's, and varie)ns amend- 
ments, the farmer will now inepiire a))e)ut the use 
of e*lover and the itierdts of fallowing. The subjeed 
of green manure's is itself of sutlh'ient importanee 
for an entire veelume. Ther*efore e)nly the most 
eursory attemtion ean be given here, and it is treated 
from the staneli)e)iut of the farmer rather than from 
that of the ehemist. 


CLOVERS. 

In many seetions of the United States the clovers 
may be made to aeld materially to the productive 
power of the soil. Their numerous broad leaves 
form a shade whi(di prevents useless evaporation from 
the land. Most of them are superior digesters of 
tough plant -food; that is, they have the power of 
securing food where many other plants would lan- 
guish for lack of nourishment and moisture. They 
break down readily, and quickly give to succeeding 
crops, and in an acceptable form, the materials of 
which they are composed, 
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Clmj Pen ft rated by Plorer. 


Some of tin* <*l<)V(*rs an* abln 
to sonuiH* much of tlicir nourisli* 
ment from tlu* suhsoil, allhou^^li 
tlie total wcij^lit of roots fouml 
in the lo\V(‘r strata of soil is small 
(‘ompared with the* amount fouml 
in the uppt‘r strata, as tin* nour- 
ishment s(*eurc(l from the suhsoil 
^oes lar^^'ly to increase tlu* size of 
the roots near the surface, ami not 
to eiilar^nnj^ the (h‘cp-fe(Mlin^^ rools. 
Fi^. 40 is a drawin;^, from a 
photo^n’aph, of tlu* root of a clov(‘r 
plant tifte(*n months old from the 
seed and l!2 inclu‘s lon^^ This 
plant ^^•(*w in the heavy clay soil 
of a clov(*r licld with <4 hers of 
similar size and <*haraclcr. The 
side roots (*ould not be j)rcserv(*d, 
as the plant had to he duj,^ out 
Avith a pick, and the tai>-root could 
not be preserved in its entin*ty 
because of the hardness of tlu* clay 
and the smallness of tlu* root. 
The common clovers g^et the greater 
part of their food Avithin two fe<;t 
of the surface, though they may 
feed at the depth of five or six 
feet in rare cases. 

All the clo\x*rs tend to improve 
the physical conditions of the soil. 





Fig. 4'>. Tap-HHit ot 
a clover plant. 
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Tliose which have tap-roots also indirectly aerate 
the soil and improve drainage. Th(‘y bring stores 
of pobmtial nitrogeai from the lower to tlic upper 
Iay(‘rs of tlie land, and also makc^ positi/e additions 
of it to the soil. Hnt if the resultant manure from 
feeding the hay secnred from (*lover fields is not 

returned to th(‘ land, and no im^aiis are taken to 
snpi)ly ]nin(‘ral matt<n*, tln^ lertility, or productive 
(*apa(*ity of the soil, will, in tim(‘, ])e greatly r(‘- 
duced. For illustration, consider a (U'op of l2.() tons 
of red (4ov(‘r hay p(‘r a(*re, rais(‘d by tin' author on a 
fonrt(M*n -a(n*e lield last year. Assuming the averag«‘ 
composition, the liay coiitaimal, in i*onnd numbers, 
21)3 pounds of mineral matter, of whi('h 101 pounds 
was potash, 30 ixmnds ])hosphoi*i(* a(‘id, and lOO 
])ounds liiiK'. Th(^ liay also contaimal from 112 to 
120 pounds of [)ot(‘ntial nitrogen. It will n'adily 

b(‘ seen that it would not take many crops of 
(*lov(‘r to so depU‘te the available mineral matter 
in the soil as to seriously nalma* pi’odmdion, unless 
some W(‘r(* addt'd. Snp(‘rior tillage could prolong 
the period of full <*rops, but sooner or later min- 
(‘ral matt(‘r must l)e addinl, or loss would result. 

The w^anton w^aste of manures has to a large extent 

counterbalanced the full benefits wdiich should have 
been derived from the cultivation of clovers in many 
wheat districts. Additions of mineral matter to tlie 
land and increased clover culture are competent to 
speedily insure full crops and cure many ills w’hich 
the land is lieir to. 

The following table gives in brief the results of 



VoutHj rs. Old Clover. 


:ur> 


soiiio invest ions niadt* !•> A. M. Hiuaid,'' at (’or- 
iiell : 

TAKt K I.XXMV. 

('owjuisit mu ofsirttutiijynutli ti li rh'i / r ruf i u ( i- , /ir.i t/,(irs fr.im 
sitfhiij, shijhth/ iiitJi fi/U"lhii. 


I,l>. ,Mr;u..- 

Air (Irica tops 1 1 

Nitro;,Mii ',>1 > 

I 'lif iv jijiuric 

l‘(»t;ish 7.". 

Air-(lri«Ml i(»uts fruin S jii' lii s ‘xiil 

NitroiT'Ji r7..:»i 

I *lins]ili<)ri<* jii'i'l I’l'. 

r<»fu^h :fl '»<i 

'i’otal of uiol r'»oi>i 7.('‘ t. 

Nitr<>;:< n I 

riiosiiliu!’!*’ a i<l » 

rofa'ili Iu!*,:ai 


Iiivrst i<ms )na<l«‘ with <‘ln\ri* (mh* y<‘ar IVoni 
s«‘c(liii^'‘, showrd lari^fri* qiiaiit it i«-s of tin* tlir<‘<‘ <‘lr- 
iiKMits in ro()ts and tops than Iwo-yrar* old clovrr 

did. 

It is cstahlislird hoyond donht tliat tin* r‘lovrr>, 
nsiM'cially tin* annuals and tho himnials, arn ahh* to 
take larj^c amounts of iniinTal niatt«*i* from tin* soil, 
and tliry r'ecoivc from the soil and air lar;^^c amounts 
of nilroocii, \vlii«‘]i tin-y storn uj» in i(M>ts ami tops. 
Tim j)roj)ortion of roots to toj>s varir-s widely. Tin* 
medium red clover, one y(*ar from seeding', ^ivcs a 
imicli lar^mr pr«»portion of roots to tops tlian clovi*r 
two years from .seedin^^ K**d clover wliieh j>rodner-s 
two tons per aere may he expeet<*<l to furnish po- 


•Theti-s for Utgree of Bachelor of Science in Agriculture, IHHj. 
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tentially to the soil, after the lirst eiitting, in roots 
and stubble, 40 to 60 pounds of nitrogen, 20 to 25 
pounds of phospliorie aeid, and 30 to 50 pounds of 
potash. Thirty bushels of wheat, or 1,800 pounds, 
and 2,700 pounds of straw, would remove approxi- 
mately 46 pounds of nitrogen, 20 pounds of phos- 
j)hprie aeid and 26 pounds of potasli. The ehanees 
are, then, tliat a (dover stubl)le, if plowed early, 
might furnish of available plant-food two-thirds of 
the nitrogen, oiie-lialf of th(‘ ])hosi)liorie aeid and two- 
thirds of the potash needed for a erop of 30 bush- 
els of wheat per aiTo and the aeeompanying straw, 
if soil, eliniab^ and moislun' performed tlieir legiti- 
mate work. Although elov(‘r, both roots and tops, 
breaks down and decomposes ra])idly, it could hardly 
be expe(ded that all of the fertilizing constituents 
it contains would be(M)me available and be used by 
the wheat, or even by su(;ceeding crops. 

The amounts of plant- food which wheat, under 
piHisent systems of tillage, secures from clover roots 
and stubble left in the soil liave usually been ex- 
aggerated. The beneficial effects of clovers are due 
quite as much to their action on the physical con- 
dition of the soil as to the amount of available 
plant -food which they bring to the laud. The 
species of clover which may give best results in 
any locality can be determined only by experimen- 
tation. In a warm climate the crimson clover does 
especially well; in the north the perennial species — 
medium, large red and alsike — are to -be preferred, 
though in some localities crimson clover does well. 



Cover Crops. 


m 

Recent results show that th(‘ lartrt^ and ine<lium rrd 
clovers, as ondiard or stubble <*ov(*r crops, an* to be 
preferred to the erinison all aloii*,^ the debatabh* line 
Avhere tlui latt(‘r does well only under favorabh* 

conditions. To r(‘e(‘iv(* the ^reat<‘st j^ood from elovtu's 
when us(‘d as eovia* crops, they should Im* sown 
early. Alfalfa may Ik* niad(^ to product* much mon^ 
forai^e than the eloveis, but it is somewhat ditll- 
cult to get the j)lant well startiMl, and it is not at 
its best until it is from two to three years old, 
and when on(*e wt'll estal)lished, it is left undis- 
turbed for s(‘V(‘ral y(‘ars. Henet*, it tends to rob 

the land of its mineral el(‘ments, and does not 
bring to tin* land as much j)otential nitrogen as 
the clov(*rs do, sineci the roots and stubble nn* 
utilized for th(*ir nitrogenous eomi)ounds only at long 
intervals. In a warm climate* the cow pea and tin* 
erinison clover, if su|)plemented with potash and 
phosphoric acid, may be us(‘d not only to main- 
tain the prodindivity of the land, but (!V<*n to in- 

crease it, while diminishing the cost of tillage and 
improving the texture of the soil, therc'liy increas- 
ing its eapa(*ity for holding moisture. 

Some garden plats, and even whole fields, are left 
to grow weeds in late summer and fall. These 
places would be better seeded to (dover, pcais or 

some other leguminous plants, since even a growth 
of two or three months serves to add humus and 
nitrogen to the soil. The following talde sets forth 
the results of some experiments conducted in 189G 
at the Cornell Experiment Station. Clover .sc^eds were 
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sown August 1, and the plants were dug Novem- 
ber 4, 1896, three mouths and four days after the 
seeds were sown: 


TABLE LXXXV. 

Nitrogen in an acre of clovers. 



Ll)s. 

Lbs. 

Lbs., 


in top. 

in roots. 

total. 

Crimson rlover 

125.28 

.30.00 

155.94 

Maminolh “ 

07.57 

78.30 

145.90 

Medium r«Ml <*U>v<'r 


40.25 

103.30 


The nitrogen in the elover may not be as quiekly 
available as it is in cotton -seed meal; but, if so, 
it would usually be considered of less value per 
unit than that in the meal, the trade value of 
which is placed at 12 cents i)er pound. What part 
of the nitrogen of these clovers was secured from 
the air and what part from the soil is not known, 
but enough is revealed to indicate that leguminous 
cover and cab'h crops may be made to materially 
assist productivity. 

A sample of the nodules from the roots of the 
above crimson (dov(*r was taken November 14, 1896. 
An analysis showed the following percentages of 
moisture and nitrogen: 

For cent. 


Moisture 79.37 

Nitrogeu 1.1 


Not only leguminous plants, but others, as rye, 
wheat and oats, may be used to great advantage as 
cover crops, and all do well if sowed or drilled on 
un plowed land after inter- tilled crops. The red 



Clover as a Host -plant. 


m 

clovrrs may ])0 intr()(lu(*(‘(i into llio paslmvs and 
mow(‘d lands ])y sowin^^ tlirir scmmIs in ('arly sl^^in^^ 
after tli(‘ land slionld lx* liarrow<‘d and roll(‘d. 

The harrowing' and rolling will imj>rov(‘ tlio j,n*ass(*s ; 
and the clovers in tinn* when (heir rools have de- 
caved, will tend to aih'ate and drain tin* soil while 
furnishinj^ aeeeptahle nilroj^en for the ^n-;iss(*s. Sim'c 
th(‘ (*lov(‘rs always heiielit the pasture and hay 
^n-asses wdien associated with thnn, some cai-e should 
1)(‘ taken to k(‘ep at least a f<*w such host j)lants 
in the prass fields at all tinu's. 

FALLOWS. 

The praidiee of leaviii;^ the land fallow or un- 
eropped for one or mon‘ seasons was emnmon in 
ancient times. It was soon dise(>vered that if tla^ 
land w'as (udtivated for all or part of the period of rest 
it was more fruitful than if left to he oeeujiied hy 
weeds and volunteer f'rasses. The first, imiilemcnts for 
tilling tlie land were so imperfcK't that tlu^ (hunands of 
the crops soon outran the available jilant-food, and 
there were no better metliods known for liriuLduf' the 
supply up to the demand than by weathfTin^^ and }»y 
the g^rowth and decay of vegetalile matt(T. The Fremdi 
early discovered that '^inanceuvering^^ the land, tJiat is, 
making the particles of earth change phn*e by tillage, 
made it more productive. Fallowing at first was per- 
formed largely by spade and ho(; on small areas; as 
civilization advanced and population increased, a larger, 
better and constant supply of food was needed, and, 
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as little manurinf^ was praetieed, summer -fallowing 
became common in all civilized countries. The effects 
of fallowing w(‘re easily seen and well understood, but 
the causes whi(di produced the effects were often a 
mystery. It was noted that some crops were more 
benefited by fallowing than others. In England the 
fallow preceded the exacting wheat crop. In Italy, 
France and (icrmany, (‘ontinuous tillage in the vine- 
yards was found to be beneficial and took, in part, the 
place of the fallow. The practice of continuous tillage 
each season has become common in American vine- 
yards and in Californian orchards, and might be more 
generally practiced with good results in the orchards 
of the (‘ast. Observing the wonderful results of clean 
and continuous tillagii in orchards west of the Rocky 
Mountains, it is inexplicable that the practice has not 
become universal, for it not only sets free plant- food 
and conserves moisture, but adds to the fruitfulness 
of the trees. 

About the beginning of the second half of the 
present century, great improvements were made in the 
plow and other farm implements, which enabled the 
farmer to till the land so much better than formerly 
that the practice of bare summer- fallowing has been 
largely abandoned. The result is that weeds, espe- 
cially Canada thistles, are on the increase except 
where the most thorough intensified tillage has been 
practiced. 

The benefits of summer-fallowing are so many that 
the practice should again come into vogue in many 
cases. The first plowing may be performed the last 
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of May (it. should }>e deep and tliorou^rh), and iniiiie- 
dhitely afterwards the surface should l)e put in liiu' 
tilth. This will iuduee most of th(‘ s(M*ds in the soil 
to jjferiiiinate at ou<*e, and then tin* yonn^^ plants may 
be easily killed. As om* <d‘ tin* <*hirt‘ obj(‘(*ts of fallow- 
ing is to clean the land, this ()i)port unity should not 
be allowed to j)ass without anamiplishing tin* obj(*cl 
sought. Th(‘ character of tin* plowing, tin* weeds 
present, the sod turned under, and the soil, will de- 
termine whether it will be liest to replow two or three* 
times or to give deep surface* tillage*; the* fe»rme*r is 
usually the safest anel be‘st whe*u practicable*. The* 
last deep plowing shemld not be elone later than the* 
raieldle of August, if the land is te) be* plante*ei te) 
wheat or rye*, that the* se>il may have* time* tej seelielifv, 
the se.*ed-be*d, me*antime, be*ing ke*])! me‘llow by shalle)w 
surface tillage. One* d(*ep ple>wing anel a surfaces tillage* 
may be made to ae*emm|)lish all the de*sireHl e>bje*e*ts in 
some ea.se?s. Bare summe*r-falie)wjng she>ulel e*Ie*ar the 
land of both perennial anel annual we*e*els, e*hange for 
the better the physical e!onelitie>n e)f the land, bre*ak up 
the hard-pan, fae*ilitate the movement e)f moisture? 
between the particles eif e*arth, give time anel oppor- 
tunity to remove any eibstructiems to plow dr harve*stcr, 
and above all it should set fre‘e fe‘rtility, espeicially 
nitrogen. When any (fonsiderable ame>unt of draining 
is to be done at one time, the opportunity to conduct 
a summer-fallow should he token, as the injurious 
effects of tramping in early spring, the time when the 
draining would best be done, will be overcome by 
subsequent tillage. 
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(freon sivninior fallows are tlioso 111)011 which ])lants 
arc ^j^rowin^^ for tlio ^r(‘ator part of tin* time while 
the land is uinha* treatnanit. They ai‘(‘ fnMinently re- 
sortiMl to wIkmi the soil is li^ht and poor, whih‘ hare 
fallowin<^ is usually |)ra(*.tieed wlani tlie soil ('ontains a 
fair amount of |)lant-food, is w(M‘dy and of a elay(‘\ 
or tenaeaous nature. l>y plowiu^^ in Auj4:ust or Sep- 
tember (in souu‘ hx'alilies (‘vcm later), ry(‘, eriuisnu 
(*lov(‘r or other s(‘eds may ])(‘ sown and tin' plants 
j)low(Ml under wlnm eomin^ into h(‘ad tin' following’ 
sprin;>:. Ihi(‘kwh(*at, or Ix'ttm*, ])eas in th(‘ north and 
(*ow peas in the south, may lx* sown on the fr(‘sh- 
tnrned (‘arth early in the si'ason. Th(‘ ('ost of th(‘ 
s(H‘d, th(‘ elimat(‘, the land, and (‘spe(*ially th(‘ resultant 
tertility, should all b(‘ eonsidmvnl in s(deetinj^^ a <>:reen 
manure crop to he ^rown prix/edinj^^ tlu' fallow. Ihiek- 
wh(‘at furnishes a lar^i' amount of vi'^etahh* matter 
to i)low under, j^rows ri'adily on ])oor land, r(‘sponds to 
ev(Mi a li}4:ht dressing of eommereial fertilizm*, leaves 
the land loosi\ and (dian<4‘(‘s dormant into active ])lant- 
food, hilt is not a nitroj^en ‘j:atherer. While ix‘as and 
(dover are (piite as a<*tive in lilxu’atin^ food, they in- 
directly ])rodne(‘ liberal quantities of fertility in the 
form of potential nitro^fui. Wh(‘n‘ver clover will 
sn(*eeed, it is by far the best »i:reen fallow i)lant, for a 
(*rop of liay may be taken off and y(*t leave the land 
more f(‘rtile than at first, for the stubble and roots con- 
tain a lai’t^e amount of nitrogen, and some mineral 
matter is bronjidit by the roots from the subsoil to the 
surface, as already explained. While a j?reen fallow 
does not give so good an opportunity as a bare one 
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for scltiiii' plant -food hy or for dfstroy- 

wr(‘ds. yrt in onr iTspfrt il is snpt-rior, for it 
actually adds Vf^^rtaMc nndd and fertility tn the land 
\vhih‘ settin;^’* free sonn‘ of its doianaiit nnu’^iis. 

When iieithei* of tin* ahovi* falhovs is desii-ahle, 
inueh may he done hy a short fallow. If the land 
wliieh has prodma-d ))arle\, <>ats or <*lo\er, Im* plowed 
i 111 nird iat (‘ly attrr the <*rop has hecn rritn^scd, soiih* 
six or (‘iu'lit \Nefks inlrrxciie Ix-fore srrdiiiLr with tall 
I^Tain or ;ri*iiss. 'I'liis ^i\<-s time for thoroii}^di snr 

face tillau^e, and if the land is harrowrd or eiilti- 
vate(l every two werks or <»ftener the results will )»e 

hciietieial in many wa\s. This is the time of the 
year wlnm nit ritieat ion ^n»es on rapidl> if tln‘ i*<‘<pii 
site moisture is j»re>rnt : and thoroii^di tilla;.(e usually 
hi'iii^^s moisture to the surfaei* hy eapillarit\. Oats 
are not s<» ^n»od to pr<eide wheat as )>arle\ is, as 
they ripmi lat<*r, th**rehy shortriiin^^ the period in 
wliirh fertility may Im* set frer hy tilla^^e and weath- 

eriii;.:. Ihit this ami other like crops may h(‘ 
slnM'k»‘d in iv^ws, Icavin;,^ wide intersals, which ma\ 
he jilowed and titled as soon as the ^rain is cut. 
d’he time that elapses hetwa-en the removal of one 

(U’op and tlie jilantin^ of anotlnu* ;.^ives opportunity 
for liheratin^^ fertility hy tilla^^e and wa-atherinj.:, and, 
as little rain falls dni'in<r this pei*iod, m) loss of 
nitrot^eii hy leaehine: will likely oeeiir. (’Iovit stuh- 
hles an* sometimes left without j)lowint^ tor two or 
three weeks afl<'r the hay has h«en n*inov('d, or 
until the new onovtli is several inches lii^li. This 

is not always desirable, heeause dry waaatljer later in 
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tho season is likely to make the plowing more diffi- 
eiilt, and less tim(‘- is given for W(*athering, tilling 
and (tomi)a(ding tln^ soil. Sinee the roots and stubble 
of the elov(‘r <‘011 tain mu(*h j)otential nitrogen, fre- 
quently moni than a erop of twenty- five ])ushels of 
wheat to the aere (*ontains, it is Ix'st to plow early, 
or Ixd'on^ th(^ (dovcu* has made miu'h growth. 

Th(^ many opportunities whi(‘h ar(^ ])resent to most 
farmers for (‘hanging ])ot(‘ntial ])lant-food into that 
whi( 4 i is available, and for adding humus and 
nitrog(‘nous compounds to the soil, are not fully 
utiliz(‘(l. Few ]H‘rsons fully r(‘alizt‘. what great bene- 
fits (*an be S(‘e,ur(Hl by a short fallow, or by plow- 
ing imm(‘diat(‘ly after a erop has been removed, and 
starting another omg which may Ik^ ])lowed under or 
us(‘d as a forage (‘ro|) lat(‘r iu th(‘ sisason. If na- 
ture’s modes of aetioii arc* ol)s<‘rved (‘losely, it will 
be sec‘n that slic* attempts iu every ])o,ssible way, by 
means of liardy plants, and thosc^ which are al>le to 
maintain themsc‘lves on semi -sterile soils, to clothe 
the land with vc'getation. Should we not learn a 
lesson from thc‘se natural soil-builders? Each plant 
and weed seems to lind its appropriate soil and 
conditions, and crowds out those which are least 
adapted to accomplish the purposes desired. Many 
of these are simply digesters of tough plant -food in 
the surface soil or the subsoil; some of them, in 
addition, add greater or less stores of potential nitro- 
gen to the surface soil. 

He is a wise farmer who sees and appreciates 
that the silent forces, by timely direction and con- 
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trol, miiy bo ina(b‘ to iiiiiiistia* to his wants, and to 
ohan;^^(‘ toil to liralthfnl, iiispiriii'r, intrllii^n-nt work.* 
Ilo is wistn* wlio scos that tin* ( treat Desi^oier in- 
teinhul man to Inive dominion over ail thin;rs, and 
do(‘s md (‘omplain when he nn'ets with partial I’ail- 
nre, but sets himself at work to h‘arn how he mav 
eommand int(‘lli^^ently, that prompt and certain obetii- 
en(*(‘ may be s(‘eured. 



CHAPTER XV. 

ROTATIONS. 

SiN(no plants food under ground, and, hence, out 
of si^ht, and sin(*e their food is lar^n'ly invisible to 
tlie unaided eye, tlnnr Iik(‘s and dislik(‘s are not 
easily observed. An understanding^ of what kinds of 
food, and wliat ])ropoi’tion of tlunn, |)lants thrive 
upon, is best seiuinal, not by din'ct inspeeiion, but 
by observing? th(‘ etfe(*t of <‘ertain ehancnits on growth, 
the proportion of one (‘lenunit to tlie otlnn*, their 
availability, and th(^ (piantity i)r(^sent in the soil. 
Other factors are always presinit (hnnandin^ careful 
consideration, — the i)ower of the plant to reach its 
food, tlie power of setting it frei* when it is reaclied, 
and the prcseiu'c or absenct^ of a suitable supply of 
moisture. Many and varied forces are always present, 
most of them acting silently and secretly. These 
forces and their action may be discovered by inter- 
rogating the plants, and by scientific experimenta- 
tion. A knowledge of the wants of plants and of 
the causes that have produced the visible outward 
results is necessary to a good understanding of the 
laws which govern their growth. 

Forty bushels of oats may be grown on land 
that will not produce fifteen bushels of wheat, 
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jiltliouf^h tln‘ amount of plant -food n*quin‘(l for 
tlio oats is }^n‘atrr than that iMMjuirrd hn* th<* 
wli(‘at ; and tins, too, wIhto tin* soil and cliniato art* 
ada|)t(‘d to ^q-ow )M)th ;i:rains (*(jnall> wt'll. 'I'his 
liapp(‘ns, too, t‘V(‘n if winlt^r whoat has nrarly twict* 
as lo]i^ a time as tin* oats has in which tf> sccnn* 
its food. Tin* jH’oof is conclnsixc that, in this case, 
the oat plant has ;.ri*<'atcr powiw than tin* wheat 
plant, (‘ithcr to l*(^*n•h its proper total or to set it 
free, or both. 

Sonn* plants r(*<pnn* extra eare wlnm ytnini', and 
do best when thert* is an abninlanet* of total ininn*di* 
at<*ly at hand in the early stains of theii* ^^•rt)wth,~ 
as broom -eoi'ii, sorghum, ainl othei* slow -start ini^^ 
plants. ()!n*e well t‘stablishetl. they are able to with- 
stand hardshi|>s, sneh as tbtai^ht ami si*areity of 
tVaxl, mueh better than maize, wliieh may bt*j^dn its 
j^rowth siiet'essfidly under somewhat ailver'se eondi- 
tions. Attain, tln*re are other jtlants which not o?dy 
liave tin* laaw’er to s(*t tree tin* mineral const it iieiits of 
the soil in a mark(*d de^rnM*, but they can also pene- 
trate the subsoil for it, and can, moreover, thr-ouj.Ch 
orj^qinisms attached to their roots, utilize tin* fr(*e 
nitroj^en of tin* air. Amonj^ these ai-e the clovers and 
other kinds of jjlants belon^nn^^ to tin* h‘;,qiniinosa*, or 
pulse family. A liotable instance of this may In* 
seen on the dry, sandy plains of California, where 
the tr(*e-lupine ^rows four or five feet in heijj^ht in 
a most luxuriant way, while other plants utt(*rly 
fail to maintain themselves. With its lon^^ taf)- 
root, extending eight or ten feet ]a*low' the surface, 
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moistiin' and iniii(‘ral food, and its inde- 
])(nidcn(*(i of tin* soil for its siip])ly of nitrof^en, it 
(‘an tiourisli \vli(‘ro uoii-nitro«‘(‘ii ^atlnn-ers cannot 
live. This plant should he nani(‘d the ” pioneer,” 
for thoujjfh not lov(‘ly or <^reat in itst‘lf, it j)re])ares 
the way for a varied, y of more iisefnl vegetation. 
Plants vary as to tln^ ainonnt of food they reepiii-e. 
Th(‘ eaeti of the (h‘sert and tlie^ pines of the aban- 
doiK'd Ihdds of th(‘ south fjfrow and tlonrish where 
b(dt(‘r ])lants "row feebly or not at all. 

The following h"nr(‘s ^ive the amount of phos- 
p]iori(‘, arid and jadash in a ton, air-dried, of a few 
eommon woods: 

Phos. acid, Potash, 

Ihs. ll».s. 

Old Held pine 14 .1(1 

Ash wood 24 2.98 

White oak 50 2.12 

Hickory I.IG 2. 70 

Some plants j^et a lar^e portion of their nourish- 
ment from tlie atmosphere. Tliese being higlily ear- 
bonaeeons in their eomposition, require relatively little 
nourishment froiu the soil. Plants may be divided 
into two classes: those, as garden vegetables, which 
require the little earthy food they need easily avail- 
able in the earlier stages of their growth, and those, 
as cereals, whi(*h fruit best if much of their earthy 
food is ax'cessible just before or at blooming and 
seeding time. 

Some plants start out in life with a greater 
reserve of nourisliment to draw upon than others, 
and hence do not have to depend upon the soil until 



F((<Uii(j Phuits and Animals, 


ar)9 


thoy are W(‘ll stai‘t(‘(l in litV. onions, niuj 

most ‘2^rassi*s havin*; small sords hoj^nn llirir livrs with 
a moa^xor supply, and llnn-idon* iin amjdi* amonni (d‘ 
available food near the stM-ds shonld bt* presmd 
when tlu‘y ^erminatt*. On the other hand, some 
tnbi*rons plants, as tin* potato, are aide to t;row 
for a eoiisid(‘ra))l(‘ time and evrn fruit without 
any (‘arthy nonrishment e\(M‘pt that ('oiitaiin*d within 
tluMiiselves. 

l^lants, like animals, vary •,n-«*atl> as to their 
ability to di^(‘st ami assimilate tie* mMirislmieiit pre- 
sented. Sonatas bnekwhoat, r>i*, mnlkdii, and <*ven 
<*lover, and the (dd-li<dd pirn* of the south, sire* able 
not merely to siibsist, but to Honrish. on soils in 
^whi(di the nitro;^^«*n and mim'ral matter are "ton^^ii,” 
or n(»t readily available. Arnon^ this class of plants 
are many of the weeds. Soinc are invii'(n*ated ]>y 
a tcoodly supply of tender foo<l. others, as the ox- 
eye daisy, are injured by it ; and in fact theiM* are 
several tnndde.soim* plants whieh sm-ennib to liberal 
and p(‘rsist<*nt mannrintj:. 

With the fe<‘din»i: of animals it is e<»mparatively 
easy to adjust the food t<> their respective wants, 
tlie mihdi cow tlirivintc on soft, sneenlent foods, 
while horses ke|d for s|>eed do best on hard, dry 
ones.' Yet even in the teedinj' of animals, the 
etpiivalent of rotation is seenr(*d tjy makiiif' one 
animal subsist on what is refu.s(‘d by another. The 
colts relish the eoai’se stalks of clover hay which are 
rejeeted by .tlie sheep, and swine ^row on what is not 
digested by the fattening sbicrs. The large mutton 
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breeds of sli(‘e[) <^raze on the lowlands where tlu* for- 
a^^e is^eoarse niid sueeuhait, and will lose flesh rapidly 
if for(*ed to subsist on the short, dry f^i-asses of the 
ste(^p hillsid('s, while the merinos avmid the lowlmids, 
pnd'erin^ tlu^ arid, sj)arsely (M>ver(‘d slopes. Similarly, 
a ^‘ood bean ('rop ean ])e raised on wheat stubble, 
thou^'h the land would fail to i)rodu('e a scM'ond ])ay- 
inj^ (‘rop of wh(*at until it had been f(‘]*tiliz(‘d. Wdiile 
it is true that wheat may l)e and has been made to 
follow wh(‘at, and maiz(‘ to follow maiz(% for many 
yisars in siK'oession with ])rolit, y(*t in both eases, 
esp(‘eially tla^ foi-mer, unusually ^‘ood prej)aration of 
the soil must be seeun^d, or a very larj>‘(‘ amount of 
available phuit-food, or that whi(*h (‘an b(‘ made 
(piiekly a.vailabl(‘, must b(‘ earri(‘d by the soil, oi* A 
liberal amount of nourishuMUit must b(‘ added (‘aeh 
year. Eitluu* ])i*aeti(*e may be unne(‘essarily exptuisive 
and wasteful if (dimatie and otluu* eonditions will 
allow rotation to be pra(‘ti(*(‘d. 

This short diseussion, and the few illustrations of 
the habits, likings and powers of plants, are jjfiven 
in order to emphasiz(‘ tlie need of noting most care- 
fully the law or laws whieh oovern the (growth and 
fruitin.1^ of each specdes and variety of i)lants raised, 
that the lii^liest sueeess may be secured . While 
the wants of all plants are similar, yet no two 
specnes or even varieties have identically the same 
wants, or possess the same powers of supplyin^^ them 
from tlie soil. Hence, the exacting crops should be 
grown ^when the land is most fertile, and the least 
exacting crops when the land is least fertile. 
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Tp to tlip |>r(‘S(*iit. tiiiH*, l)iil litih' Jittcnlioii has 
been in Anirric'a to tin* suhjert of rotation and 

to tlH‘ (‘(‘onoinizin*.,^ of t‘(*rtilily. iM'causc llir virj^dn soil 
usually contains a wealth of fertility, and the husband- 
man is free to rais<‘ what tiinls the most ready sah* 
or is th(‘ most easily ti'ansportal^le, or those species of 
plants whos(‘ needs and habits he knows best. This 
has fnapieiitly resulted in allowin^^ many noxious 
W(‘(‘ds to cfet a linn toot hold, in <le]>let i?m'‘ the soil of 
certain ehaneiits while ii‘avint,^ a snperabundanee of 
otlnu’s, in I’oblunf^ tin* surfa<*e soil of the refpiisite 
amount of ve^eta)>le mold, in eompaetiim' the hind t(> 
an undue extent, and in leasiii}^^ the subsoil lart^ely 
unused. In exe«‘|>t ional <*ases, as in the northwest, 
and in a few valleys, and on land fi*e(juently fertilized 
by overtlow, it imiN not be merely expediejit but even 
wise to ignore the laws of rotation for a time, ami 
pi‘a<*ti(‘e eontinuous cropping with one variidy of 
lilants, Imt sooner or later rotation must be |•(^sor^ed 
to if production is to continue to l>e profitable, un- 
less the land is kept lilierally fertilized. 

Intelliefent rotation <*an Ik* made to aeeoni])Iish 
many thin^^s that are not seeiii’ed by tin* hajihazard 
inethoils now almost universally i*mploved in this 
('ountry. If systematically carried on, it can lie 
made to destroy a larf'c nuinb<‘r of troublesome 
jilants, or to so i-eduee their vitality as to make 
them harmless. (’onsi<ler, for instance, land infested 
with plantain or wild carrot. These plants fruit 
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after the medium variety of red clover is cut for 
hay. If land upon whicli \vint<‘r wheat or rye is 
^^rowinji: be secnled to clover with or without timothy, 
th(‘se w(‘(h1s will not dama^(i tln^ <,miin crop nor seri- 
ously int(‘]*fere with the early of Uio clover 

th(^ following year, be(*ause they do not seed until 
midsummer. As soon as the clover is cut and re- 
moved th(\v (pu(dvly throw np tlnur s(‘(‘d-stalks, blos- 
som and fruit, if not destroy(‘d. True, a few weeks 
after haying the held may be mowed a second time 
to pre^v^^nt th(‘ weeds from seeding, ])ut enough always 
es(*ap(5 to reseed the land, and no ])ermanent, bene- 
h(ual n'sults are se(*ured. If, liow('ver, the clover 
stubble be thorouj^hly ]dowed immediately after the 
first cutting, the r(‘seedin^ to w(M*ds will be prevented. 
Then, too, this is the most suitable time for plowing 
the ground prei)aratory to sowing wheat or rye. 

If a fliyrt, two-year rotation of wheat or rye 
and (dover be pursued for a f(nv years, the land 
will be nearly cleared of all of this edass of weeds, 
t)rovided that no seeds of tin* undesirable plants be 
sowt'd with the grain or grass seed, and none are 
carried to the held in manures; and the same prac- 
tice will dispose of ware -worms and white grubs. 
Finally, a little hand -weeding will be required to 
make the work complete when wild carrots and sim- 
ilar plants are present. When the farm is over- 
run wdth weeds, it is impossible to keep the manure 
free from their seeds; therefore, only commercial fer- 
tilizers should be used on the fields under treatment. 

This short rotation of wheat and clover not only 
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tends to (‘l(‘an tin* hind, hnt also iinprovi‘s its plivs- 
ieal (‘ondition, and ronsrrvi's and adds nilro^rn and 
lininus to tli(‘ soil. To pn*sni‘vn tlit‘ prodin'l ivt' powrr 
of file land, niiiH‘i-al fertilizers ninst he ajiplied, or 
the eei’iads usimI in the rotation will Tail t<» the 

hi^di(‘st r(‘sults, and wi'eds not In'tore ohjcct ionahle 
will assei-t themselves. I'his shoi-t rotation, or one 
similar to it, eannot he too hi;4*hl\- ree(»mmeiided tor 
<lestroyin<.^ eeidain kinds of inferior |»lants, that roh 
and crowd out desirable (mes, and «‘aus(‘ the I’ertilits 
of tlH‘ land to la* di\ert«‘d int(> nndesiiahle <*han‘ 
nels. When (*limate or other eomlilions malo* it nn- 
d(‘sirahh‘ to raise the winter erreals. the rotation 
may he moditied hy sowing t(» tnrnii>s or millet (prel- 
(‘rahly tli(‘ foianei*, in rows with intei'-t illatx<‘) , <ai 
tin* inverted and prepared clover stnhhle. It’ the land 
is fall -plowed after these crops are removed, the 
f'round will then he I’eady to rrrei\e^ tjie sprin|.r 
e(‘r(‘al and the clover seed as soon as the land is 
workable. 

Rotation may he made to im-rease J^roduetion, 
wliil(* the land may receive at the most appropriate 
time its usual amount of manures. In some eas<'s 
tin* wlieat plant is injui <I by the liberal ai)[ilieation 
of them. If the rotation is so mana<,^‘d as to apply 
the manures to some other crop in the rotation, as 
maize, the results in such <*ases may )>e far more sat- 
isfactory than when they are apjilied direcdly to tlie 
wheat land. A lilieral ajiplieation of farm manun^B 
every tliree or four years to land upon which clover 
is growm, supplies, under these conditions, r(‘latively 
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too iniich oitro^^oi tor mineral elements tliey eon- 
tain. 11* wheat is j^rown, tln‘ plants will be porous in 
strii(*tiir(‘, the straw and leav(‘s too abundant, and 
lod;^in^* may ensue. If the .same quantity and kind 
of manure be applied to maiziq Ixundhual instead 
of detrimental r(*sults will be se(*ur(‘d, and the un- 
used r(‘sidue from the manures will not be sutlieient 
to injure th(^ oth(*r e(u*(‘al crops that may follow. 

A four-y(‘ar r(»tation may also lx* made to eleaii 
tlui laud of soirn^ (da.sst's of noxious wimmIs, as, for 
exainph‘, the Canada thistle, and also to (M*ononiize 
fertility. If the rotation is started by j)lowinj? a 
timothy or elov(‘r sod for inaiztq j)()tjito(*s, or some 
other inter- tilled erop, th(‘se pests ean be kept from 
breathiuj^ one entii-e season; that is, prevented from 
form i leaves, and they will either dit‘ or be .so 
stunted that they will not ai)p.ear in foreii for several 
yeai's. Ttieii, too, th(‘ tiilaj^e to kill the weeds sets 
free fertility. The <lini(*ulty in killin^^ this class of 
plants is tlu‘ aversion to usinj]: the hoe or spade on 
stray W(‘eds, and since the cultivator always leaves a 
few to tiourish, thti laud is seldom really eleaned by 
the hoed or inter- tilhal crops. Nevertheless, frequent 
tillage is of great benefit, because it improves soil 
tt‘xture and conserves moisture. 

If the inter- tilled erop is followed by spring- 
sown cereals, op]>ortunity is given for plowing the 
ground in the fall and again in early spring. These 
frequent plowings and the necessary surface tillage 
may be made a partial substitute for a bare sum- 
mer fallow in killing weeds and liberating fertility, 
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and that, too, witliout losinjj: tin* uso of th(‘ land 
for ono season. If the work is not tiinrly nor W(‘ll 
done, tlien tlie land wonld l)(‘tt<‘r havr hern tn'ated 
to a har(‘ suinnua* fallow, es|)(‘eiall\’ when it is in 
a had i)hysi(‘al eondition, h(‘eanst‘ fri'qiKMit |)lowin^^s 
in inidsninnnn* ar(‘ nsnally inon* henelieial than late 
fall land early sprinjr plowin^^s aiM‘. 

Certain (‘lasses of W(‘eds infest certain kinds of 
crops inueh inoiM' than otlaa’s; when this is th(‘ eas(‘, 
rotation may la* inad(‘ to do mneli to (l(*sti*oy tht*m, 
hy leavin;^ tlx* particular ero]> ont (d* the rotation 
in which tlx* w<‘ed or weeds appeal*. This is not. 
diffienlt, siix*e the ordinary ei*ops of tlx* farm an* 
nearly (‘qual in profit, if lahoi*. ns(* of laixl, seed, 
and the amount of fertility eari’ied to town where 
tin* {iroduets are sold, an* all considered. Tlx* farmer 
should study tlx* und(‘sirahle plants (piiti* as much 
as the (lesirahle ones, tliat lx* may elian^^i* oi* motlify 
his practices so as to atta(*k his enemies at. their 
weakest points. 

Rotation on meadows and pastures without ])low- 
ing can he made to prev(*nt many mxh sirahh* plants 
from asserting' themselv(*s. If tlx* land he see(h*d 
with a mixture of ^^rasses and clover, or with 
grasses or timothy alone, some of the se(‘ds are cer- 
tain to find an nneongenial soil, and the jilants either 
die or become feeble, and even if they jjonrisli at 
first, many of them exlianst the available food within 
their reach in a few y(*ars. If, then, young and 
vigorous plants can he intrcHluced, or those having 
different powers and habits of root growth, or those 
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whicli furnish food for tin; otli(*rs, a rotation of 
plants itiay bo inado ))onofi(*ial. Clover is naturally 
the host- plant of the grasses, and se(uires its food 

from much lower depths than most of the grasses 
do. If seeds of the grass(‘s and elovers can be 

made to grow in the deelining sod without plowing, 
not only will the full amount of forage Ix^ fur- 

nislu'd, but undesirable plants will Ix^ pn^vxmted from 
oe.eupying tlie va(*ant spa<'es. By sowing a small 

amount of s(‘ed early in the spring, before the 
fre<^zing has (*eas(xl in the north, and winter rains 
in tlu^ south, many young and vigorous plants of 
ddfi'nmt sp(H‘ies from those present, or of the same, 
may be intnxlmxxl. In order to make the germina- 
tion aiul growth more (‘ertain, imm(*diat(‘ly after the 
seeds an* sown the land may be harrowed once or 
mon*, and rolh‘d. 

notation may la* made to eeonomize plant-food. 
Since j)lants vary in their power to reaeh and appro- 
priate nourishment, the rotation may be so arranged 
as grow those kinds whieh have the least i)ower, 
or those whieh make but little demand on the soil 
when the land is least fertile. The fertility of the 
soil in a wise rotation is used, and not carried along 
as useless capital. vSuccessful agriculture consists 
quite as much in taking fertility out of the soil judi- 
ciously as in putting it into the soil. Therefore, in 
])lanning a rotation where circumstances allow freedom 
of choice, the object should be to change inorganic 
elements into organic substances; that is, to get the 
largest possible crops consistent with the largest net 
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results, not alone on account of the iiniiH'diatc results, 
but also in onltu* to have* iiion* inanun*s to ndurn to 
the fields. Or, to (‘xi)r(‘ss it in aiiotln'i* way, the 
greater the (juant ity of plant -food that can lx* niadi* 
to rotate throuf^h th<‘ plants ami animals back the 
land, the bid ter. Transforming^ the cleimmts of th(‘ 
soil into ])lant-life do<‘s not (h'stroy them, — it only 
(dian^es their combinations, and the oftener they arc 
rotated the bett(*r they an* likdy to bccoim*, for as 
soon as hTt idle flaw tend to become sln^^^l^nsli. 

If the inert matters of the V(*;Lreta])h‘ mold and the 
ro<*ks be ma(h* to change theii’ combinations bv tilla^^e 
so as to b(‘(*onn‘ availabh* for the plant, thi*y are not 
only on tladr way to )>ecome ns«*ful, but also the 
quality of th(‘ elements tends to be iinpnK'ed, for 
plants biH‘ak down (‘asily, ami when bj'oken down 
furnish qui(*kly available nourishment to other plants; 
or, if th('y be f(‘(l to animals, the j-esultant exerement 
will yield u]) its nourishment lor other plants still 
more readily. Nature provides plants to feed animals, 
animals to produce fertility, fertility to fe«*d other 
plants; this rotation preserves the elements of pro- 
ductive power, while they nro constantly ehan^^in^ 
their form and (diaracter. 

To illustrate how a less r*xaetint^^ eroj) may be 
made to follow advantageously a mon* exa<*tinj' one, 
the four-year rotation now frequently adoi)t(*(l since 
the clover root-borer has made its appf‘arance may be 
cited. One year of clover is followed l>y maize witli 
or without manure, this by the less exactinfj oats, 
then wheat, phosphated and manured, and lastly, the 
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partly self-siistaiiuii<^^ clovers, or clover and grasses. 
This rotation not only t(‘nds to clean the land, but 
also maintains fertility, and makes it possibh* to reach 
satisfactory results • with but one, or at most, two 
mannrings in four years, the lej<s (‘xactiiig (m-o|)s being 
able to flourish on the residue of ])lant-food left from 
the liberally bu’tilized wheat and d(‘cayed clover roots. 
Some cloven* slionld always ac(‘om[)any tlu^ hay and 
pasture grasses, if a we*ll-balan(*ed ])lant ration is to 
be maintained in th(^ soil. 

Rotation not only give's opportunity te) make eco- 
nomiend use e)f the lanel, but it may alse) be* made to 
head off many kinds of inse'ert e'nemie's a ml j)lant 
eliseases. If ])lants of a single vai*iety eu* specie's are' 
grown e*e)ntinue)usly on the same' land, its inse'ed. 
enemies are' likely te) multiply rapielly, sine*e‘ they are 
furnishe'd with a full and e‘e)ntinue)us sui>])ly e)f the 
|)articular kind of fe)e)el upe)n whie*h tlu'V thrive' ))e*st, 
while if a wise re>tatie)n is ])rae*tie‘eel they may be' 
starved out in many case's. Fiehis kei)t le)ng in grass 
are likely to bee*e)me infestenl with wire-we)rms anel 
the white grub (larva of the May be'ctle). If a short 
rotation is practiced, few of them are like'ly to be 
present. In any case, when lanel and conditions will 
permit, a short rotation is preferable te) a long one. 
In like manner many of the smuts, rusts and blights 
may be entirely prevented or largely controlled by 
superior tillage and by ade)pting such a rotation as 
will give them but little opportunity to find a host 
upon which to live. Some of the pests of the 
farm can migrate to a considerable distance in a 
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season \v1h*ii in llirir inatun* slatr. In that 
(*aso, it may la* ot litih* nsn to pi’cvcnt tin* ninlti- 
plination of tlmni on <nn*\s own farm, if tin* nnwistr 
practices of a in*i;,^lihor have inadc* his lain! a 
In’ccdinjjf- plac(* tor ])csts, such as wire- worms and 
white* ijfruhs. If hy eonsnllation and eo<')jM*ral ion 
of in‘i^dd)ors a common line of jietiem e'onld lx* 

s<*(*in‘ed. sonn* of the ditlienlt i(*s (►f faianin^ mijjfht, lx* 
ann‘Iioi*ated. 

Rotation may lx* made* to distrilmte* the work of 
tin* y(‘ai‘, tln*i‘ehy providin’^ eontininnis (‘injeloyment, 
and makinj^^ it possible to srciiiN* <*lieape‘r and lx*lle*r 
help than when only a tew kinds of plants an* pro- 
dn(*<*d. ddie halefni r<*snlts of raising' a single* or 
fe*w p]*odnets in <*xte*inled districts may lx* s<*e‘n in 

Califoiaiia and tin* ^n-e-at wheal disirirts of tln^ 
northw(*st. In such hx*aliti<*s tln*re* is litth* or no 
true home life, with its duties and re*slraints; men 
and hoys an* ln*r(h*d toj^rther like* e-atth*, sle<*p when* 
tln‘y may, and subsist as lx*st they can. Tin* work 
is liard, and from sun to sun for two or thn*e 

months, when it abruj)tly eeasi's, and the workmen 

are l(*ft to tind <*mploynn‘nt as bi*st tln*y may, or 
adoj)t tin* life* and habits of the* })re»fe*ssie)nal tramp. 
It is elitlie'ult to name* anything more* de*mo?*alizinf' 
to me*n, and espe*eially to boys, than this intermittent 
labor ; and the hif,dn*r the wae,0‘s paid and the 
sliorter the period of se*rviee, the mon* demoraliziiif' 
the effe'ct. If there were no othe^r n*ason for prae* 
ticing rotation with a variety of plants, the w(*lfare 
of the workman and his family should form a 
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sufTicioiit oti(‘. Happily many lar^n and d(‘nioralizinpf 
wlu‘at ra!i<di(‘s an* Ixanjj^ divid(‘(i into small farms, 

upon whioli aro n'arod tlie roof-treo, diildren, 

and liow(‘rs. 

Both two iind tour-y(‘a]* rotations liave been imm- 
tioiKMl. Th(‘r(^ is still another, whieh should eom(‘ 
into (‘omnion us(‘ on fairly f(‘rtil(‘, lij^htish lands, if 
eir(*umstane(\s will pei-mit. It (‘onsists of om* year of 
elovm-, om^ of potato(‘s, and om* of wh(‘at. Tin* three 
crops may be se(*ured with but one plowin^jf. The 
eIov(‘r stubbh* may lx* plow(*d (*ith(‘r fall or spring, 
aft(‘r two (‘utlinj^s of hay, or one of hay and one of 
elov(‘r s(‘(*d ; or, in lieu of the se(*d, fall pasture. 

The following sprin*^, if potat<x‘s art* i)lant<*d early, 

they may be harvest <*(1 in tiim* to i)i*t*part* a set'd- 
bed with tin* (Mdtivator and harrow for wheat. As 
])otatoes an* de(*p-f(*(‘din<^ plants, they draw but 
little nourishm(‘nt from the up|K*r portion of the 
soil, while tla* tillajrt* m‘<*essary to keep down weeds 
and to (*onst*rv(‘ moistun* sets fret* an abuntlanet* 
of ])lant-ft)od nt‘ar the surface, and eomi)aets the 

sub -surface soil, thus set*urin^ ideal et)nditions for 
winter wheat. A li^xlit dressing? of potash and 
phosphoric acid mii^;!!! be a[)plied to supplement the 
farm manures. If the land is sandy, a small addition 
of nitrogen may be advantageously made lK)th fall 
and sprint*:. The rotatit)n may be elian^ed from a 
three to a four -year one by seeding with a mixture 
of grasses and clover, whieh will continue to furnish 
hay for two consecutive years. Although the three- 
year rotation is but little practiced, it maj' be confi- 
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(l(‘ntly n*('()iinn(MHh‘(l wlirrc |»oIjiI(M‘s, wlu'al and clover 
all do well. This rolatioii may ))c made to k(‘cp Die 
land faii’ly i\‘rtih‘ and free fnnn noxious weeds, ('lover, 
hay, straw and small potatoes foian to^n*ther a cheap 
and almost ideal ration for wintei-in«x slieej), horses 
and cattle, and smdi a ration needs hut litth* addi* 
tion of a|)pro|>riate eom'cid rated foods to make it 
ideal for mihdi cows. In this three-year rotation, the 
surface* and subsoil both furnish their <lue prj>portion 
of nourishment, the crops ar»‘ amon;.r the most valn- 
a))h‘ produe(‘d, the work is w(‘ll dislri))nted thnnij^h 
the y(‘ar, and tin* principal income is distri)mt(‘d he- 
tw(‘(‘n the wheat, the butter and meats, and the 
potatoes, so that an entii'e failure is not likely to 
occur. Moreover. Imt few pests are likely to ^et a 
foothold, the |»lant-food taken np by the crops is 
larj^ely left on the fai*m to 1 m‘ use«l a^ain (ser "(’lover,” 
in ('ha])t(‘r XI \\), and the crops ar<* raised with the 
minimum of i^lowin*^. While this j’otation is adapted 
only to ('crtain conditions, loiij.^er and shorter om*s 
under similar eireiimstanees may he madi* to unlock 
fertility and to yield satisfactory results if intelli^n.ntjy 
plaiineM and persistently pursued. 

Where the land is hilly, or diHieult and <*xpensiv(‘ 
to cultivate, a lon^ rotation is desirable, that the 
threat amount of Ial>or necessary to ('ultivate smdi 
lands sueeessfully may l>e avoided. This is esi>eeially 
true of soil that is composed lar^^ely of tenacious clay. 
Then, too, such laml usually abundantly supplied 

with plant -food, and the natural home of im»st ^'as.ses, 
the rotation may well be one in which mixed 
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grasses and (dovers are pronuneiit. Long rotations 
ani a(lai)ted to large (‘states, wliile slioi’t on(\s may 
be adopt'd on small, well -drained, high"pri(*ed farms. 

A tew rotations have now be(‘n given to illus- 
trate the ehi(‘f ben(‘fits that may be expeeted from 
an int(‘llig(‘nt ehoi(‘(^ of plants, when one has in view 
both the w(‘lt*are of tlie soil and (‘eonomy of effort. 
Ft is tnlly renli/ed that a mnltitnde of combinations 
may l)e mn(h* that are bettei- suited to lo(‘al and indi- 
vidual wants thnn those eit(‘d. It is also realized 
that sneeess may be s(‘enred in (‘X(*(‘])tional eases by 
th(‘ eonstant eiiltivation of a singl(‘ specie's or variety 
of plants. The writer has raisenl mnize for seven 
(‘onseeiitive years su(*e(*ssfiilly in a little, sheltered, 
gravelly valh*y, i)artly as an ex]H‘riment and i)artly 
because^ it (*onl(l be kept i)rodnetive by the ap- 
pli(<Htion of (*hen]) mannres, easily aee(‘ssible, and 
b('(*anse this fii'ld eonld be ]>lanted and harvested 
earlier tlian the otlu'r fields, thei'eby distributing the 
work of niising maize and filling the silo advan- 
tageously. This ease is eitiHl, not only to show that 
a wise law may be broken under exceptional eases, 
but also to emphasize the need of an understanding 
of the beneficial laws of rotation when applied under 
prevailing conditions, in order that the losses and 
gains by any particular practice may be fully under- 
stood and set over one against the other. Rotations, 
if planned to suit locality , and carried on with 
a fair understanding of natural conditions, may be 
made to increase the fertility of the farm; that is, 
give it greater productive power. 
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(No. of analyses 

Autlior- 

Nitro- 

phorie 

Pot- 

in parenthese.si. 

ily. \Vatcr. Afdi. 

gen. 

aci*i. 

nsli. 

Fresh from duck 


4 7‘J. 

10. 

14. 

0.2 

“ “ pee.se 


4 771. ii.'i. 

a . 0 

n.i 

9. 7 

“ cliicken.H 


4 r»<xi. h.",. 

JG.:i 

1.7.4 

8.. 7 

“ “ '• 


1 IKHI. 

11. 

H.r, 

a.O 

** “ pigeon 


4 5PJ. 17:5. 

17.0 

17.8 
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Nitro- 
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Pot- 
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UtMl. 

acid. 

ash. 

Frosh from liorso 

4 

71.4. 

33. 

5.8 

2.8 

5.3 

“ ‘ “ 

7 

\m. 


4.4 

1.7 

3.5 

“ “ ox 

4 

77r». 

')•) 

3.4 

1.0 

4. 
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4 

G4t:. 

3<;. 

8.3 

2.. 3 

0.7 
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4 

724. 

20. 

4.5 
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0. 
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4 
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10.9 

2 . 5 
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1 

tC)!). 


0. 
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•) 
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4 
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0. 
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*) 
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4 
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14. 

7. 

2.(1 

*) 1 
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4 

1182. 

11. 

1.5 

.1 

4.1) 
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4 

7:>(». 

.38. 

3.1) 

1.8 

4.5 

Ordiiiiiry ininiure, somewhat 

rotted 

4 

750. 

58. 

5. 

2.f; 

0.3 

Ordinary mar.ur •, \sell rotted 

4 

71)0. 

t;."). 

5.8 

3. 

5. 

IM^eon iiuinure, drv 

1 

100. 


.32. 

19. 

10. 
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4 

D.')"). 
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5.5 

2.8 

2. 
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4 

1)74. 

11. 

4.5 

1.9 

2. 
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S 

1)01. 

28. 

15.5 


15. 

“ “ eattle 

8 

1)48. 

27.4 

5.8 


4.1) 

“ “ slna‘|> 

8 

872. 

45.2 

19.5 

.1 

22.0 

“ “ swine 

8 

i)<;7. 

15. 

4.3 

8.3 

.7 
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8 

800. 

I.llS. 

7.1 

in l.ono 

29. 

.0 

.8 

‘ ‘ ox 

4 

71)0. 

7.1) 

32. 

.4 

.0 

“ slieep 

8 

71)0. 

7.5 

.32. 

.4 

.5 

“ swine 

8 

800. 

7.1 

29. 

.9 

1.5 

“ meal (d) 

(> 

84..") 

47.3 

1.35. 

13.5 

7.7 

Butter 

1 

71). 1 

1.5 

1.2 

.4 

.4 

Buttermilk 

1 

OO.a. 

7, 

4.8 

1.7 

1.0 

(Hd) 

f» 

1)01.2 

7.2 

0.4 

2.2 

2.1 

Oheeso 

1 

:{d2..") 

21. 

39..3 • 

0. 

1.2 

Colostrum 

4 

730. 

11.8 

30.7 

3.,3 

.9 

Cream 

1 

740..) 

5. 

4. 

1.5 

1.3 

i'Kgs 

8 

072. 

01.8 

21.8 

3.7 

1.5 

“ without shell 

4 

737. 

9.2 

20. 

3.5 

l.C 

•Fat renderiiifj^s, cakes (a) 

0 

1)5.2 

03.8 

93.8 

20.2 

19.9 

Fish-tlesh, meal, not fatty (4) ... 

0 

128. 

320. 

83.9 

140. 

3. 

“ •• fatty (ti) 

G 

108. 

292.1 

77.5 

120. 

2. 
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(No. of HiijilysoH Aiillior Niiro plioric Tot- 

in panMithrsos). it\. W'ulor. Ash. ;;i-ii acid axh. 


Kl<*sli allnniiiii (2i t) 

*• foddor iiH Jil ( 141 ) tJ 

“ nicid H 

“ calf H 

“ oi M 

•• .swine H 

“ <»f manmials 4 

“ “ living: calf -1 

“ “ livini^ox 4 

•• “ livin;' ?<hcc|> I 

“ “ iivinj'swinc 4 


“ “ pulvcri /.< d <1< a<l animals S 

.Milk, cow's 1 


“ '• 

•• ;;oat’s (dS) (1 

marc's (47> tl 

sliccp's j 

•• (dd) 

•• s 

*• skim I 

“ } 

•• i'M\) f. 

“ “ cent rifii^al separation 

{‘if •* 

Milk , sow ' s ( 7 i l» 

Whey 1 

4 

“ (4<;) t; 

from pmt milk 4 

Wool, washe<l 4 

“ unwuslied 4 

• 

III. Bedding Materials— 

Beech leaves, A uiTUst I 

Fir needh s 4 

Heath M 

Larch needles 4 

Mos.s 4 

Oak leaves 4 


idd.t; 

11 0.7 

0'.>. 1 

21. 

d. 

ldi;.7 

40. H 

1 ld.'.> 

7 

1. 

'J7S. 

i.'o;. 


O.'t, 

7 

7so. 

12. 

d4.'.> 

.5..H 

4.1 

770. 

IJ.ti 

.'it;. 

l.d 

:..2 

740. 

10. 1 

dl.7 

4.«i 

d.'.> 

7ti.'!. 

10 2 

d.'.,2 

4.2 

.d.H 

Olid. 

dM. 

2.'i. 

Id.H 

2. 4 

.'.07. 

Iti.O 

20. >1 

is.ti 

1.7 


di.; 

22. » 

12.. d 

l..d 

•Vjo; 

21.0 

20. 

h.M 

l.H 

:.7. 

d;i. 

(;r». 

l.'I'.t. 

d. 

.s7o. 

7.."» 

■a.d 

!.'.> 

l.H 

h77t. 

7 . 

1 

2. 

1.7 

^71. 7 

7.1 

.'n7 

1.0 

1.7 

Ku. 1 

OOS. 

7.0 

O.M 

♦ •{ •' 

d.7 

2.1 

2.1 

. .H 

sH’., 

7.2. 

1 1 .2 

2.0 

1.0 

hits. 

.".O 

lo. 1 


2.0 

h»;o. 

h 1 


d, 

l.H 

002,.'. 

s. 

.'t.O 

2. 

1.0 

'.>11. 

7.'.» 

i.t; 

2.2 

2.1 

!>0l,d. 

'• 

.V2 

2.1 

2. 

'.MMl. 

7.1 

4.0 

2.1 


>^1. 

11. 

lo.d 

ti. 

l.I 

020.7 



1.1 

l.H 



.0 

.0 

1.7 

Odd.H 


1.4 

1.1 

2. 

020. 

."i.O 


.H 

2.d 

T2^. 

'.t.H 

!>4.4 

l.H 

1.0 

l.do. 

70. H 

54. 

.7 

.50.2 


IdiS. 

in 1 .<mm) 



ntiO. 

21.0 

Id. 

1.8 

4.4 

i;g. 

12.2 

H. 

1. 

l.d 

200. 

10.0 

10. 

1.1 

2.1 

140. 

d4.d 


l.d 

1.6 

250. 

20.0 

10. r> 

1.0 

d.4 

IGO. 

40.1 

10. 

2. 

d.5 



m 


]}i'(l<lui<j Mdicridh, roxcludnl. 


Saruplo 

(\(). of analyses Autlior- 

in paront lu'sos). ify. Water. 

ncr»ll(*s 4 I’Jti. 

Kfod 4 ISO. 

Kusli 4 140. 

SouwcumI 4 laO. 

Stidgo /j^rass 8 110. 

IV. Chaff, Hulls and Shells— - — — 

Barley 1 I.IO.H 

“ 4 11.4. 

“ (: i ) u:k 

Beans, field 4 I."*!). 

“ “ 2 ir.o. 

“ “ (2) 0 l,')0. 

“ f) l.')0. 

Bean, soja 2 110. 

“ “ ((i) .* () 120. 

Brassiea rapa oleit'era (2) (5 1.V2. 

('hoeolatt' two ('rhro!>r(>tn<( Canto) 

(14) 0 100. 

(Mover, red (4) 0 100. 

“ white (1) 0 l‘»0. 

(M)rn cobs (18) 1 107. 

“ I 120.0 

“ “ 4 140. 

5 141. 

“ “ ground! 4) 0 100. 

(\)ttoii (4) 1 104. 

“ 1 100.4 

“ (1) 0 144. 

V\i\\ [Comeliua sativa) 4 112. 

“ “ “ (1) 0 111.0 

“ “ “ b 112. 

“ [Lin u tn u s i fa f i .v.s’ i wi m wt ) 4 110. 

“ “ (I)-- 0 ll.I.H 

“ “ “ .b no. 

(lleditschia glabra (1) 0 82.4 

Lentil {Lens esealenfa) (2) 0 LbO. 

Lentil {Lens esculenta) 5 140. 

Lupine (fruit shell) 4 143. 


.Asli. 

Xilro- 

Plios- 

;ici(l. 

Pot- 

;isli . 

40..4 

lb 

2. 

1.4 

.44.5 


1.8 

0. 

50. 


4.4 

10.9 

140.7 

lii.f 

4.2 

17.7 

10.2 


4.0 

17.7 

Lbs. 

in l.eOO. 




10.1 

2.r 

9.9 

118,0 

4.8 

2.4 

9.4 

128.4 

4.7 

2.4 

9.4 

,54.7 

10.8 

2.7 

45.5 

74. 

-• i .. 

17. 

1) y 

45.4 

1 4..> 

r>r>. 

1 7.7 

10.8 


81. 

ibO 



81. 

10.1 

1.7 

9.7 

78. 

5.5 

4.0 

9. .4 

t i . 1 

84.8 

*)•> ' 

4.5 

4.2 

15.4 

10.8 

75.8 

40.0 

4.2 

17. 

14. 

4.84 



8.2 

5. 

.0 

0. 

4.5 

2.4 

.2 

2.4 

2.4. 

5.0 



41.8 

14.1 

.9 

~ 

20. 

0.4 



20.1 

7.5 

1.8 

10.8 

27. 

0.2 

4.4 

10.4 

4.4.4 

4.4 

1.5 

12 7 

72.4 

4.4 

1.5 

12.7 

72. 

4.4 



,54.9 

5.0 

4.5 

1.5. 

57.8 

5.5 

4.4 

15. 

58. 

5.0 



29.5 

7.2 

1.8 

10.1 


70.1 29.4 8.0 8.5 

85. .33.9 

19.1 7.2 


1 . 


9.4 



Chnt}\ Hulls (unl Shrlls^ 

cam 

Indt (1 . 



Sauiplo 




PIlOH 


(No. ut an.tlyso!^ Aiidior 


Nit ro' 

pliorii' 

INU 

in jKiront hfscs ). jly 

Wal.r, 


yrtl. 

a.-id. 

a^ll. 

Luj»iri(‘ (t'niit sliclil 2 

12 :.. 

20 . 

7.2 



•: 


2 

lO.S 

1.7 

!».;i 

.Modick, Hlnck { .)/ 1 *1 iroiin injm 






(!) rhair T. 

1. ■'.((. 

so 4 

4.'). 

4.2 

17. 

MilN't (1) *• (1 

120. 

ni.s 

7 

1.7 

4.4 

“ 

112. 

112 . 

7.7 



Oats •• } 

i4:t. 

71.2 

0.1 

I,.! 

4.7 

“ “ 2 

i;u;. 

no. 

7.S 



“ »; 

VAh. 

KM . 7 

s. 

1.1 

4 7 

IN'atiul (fruit >lifll ) 1 

KMI. 

2'.i.'.» 

10 . t 

1.1 

s.l 

4 

ItMi. 

;io. 

11.4 

1.7 

9.7 

(-) (i 

Kk;. 

;io. 

11,;! 

I..S 

9.K 

•• 

Ku;. 

iio. 

11. 1 



“ ( MM-d hii. n ) ( 1 1 r. 


:c. 

M 

‘•.!» 

K,!» 

IN*as ( 4 ) Iiull^ •» 

I.UI. 

.‘)S,.S 

17.1 

1.7 

'.•.7 

“ * • 2 

no. 

72. 

k;..'. 



RajM* ( y ii j! n s oh i i\ ra 4 

no. 

7(».l 

0. 1 

;i.7 

9.7 

* ‘ ■ ■ ' • ‘ • “ 2 

122 . 


0.4 



.. .. .. “ ( 12 1“ «• 

!<;o. 

70.0 

.V.'. 

.':,0 

9.2 

•• 

I21t. 

70. 

•». 7 



Kiro ct) •• 1 

h2. 

1.(2. 

,"i.h 



•• “ J 

|(»0. 

!M). 

.V 

I.V 

1.1 

“ (1‘^) •• •; 

I0(t. 

1 1 :.. 

.■».K 

1.7 

1.4 

•• •• 

!t7. 

I.'h. 

.a.I 



Ifyi* <dia(T.. .'{ 

1 }:!. 

>'2. 7 

.‘i.n 

.7.0 

7.2 

“ “ . . 2 

1 1:{. 

7 ;,. 

.7.7 



(4 ) •• . . t; 

1 1.'*. 

s2.»'» 

7 

7.7 

7.1 

“ wiiitor •• ..4 

14 : 5 . 

S2.7 

.7.H 

7.(; 

7 2 

Sor/rViuui ( .N’. Tohtrirum] {\ r" .. <» 

1 l.'n 

7‘* 2. 


1.7 

4..'! 

‘ ‘ ( S, VHhjun ) “ . . 

r»7. 

HO. 

0,2 



Si>«dt, winter “ ..4 

n:5. 

HI. 4 

. 7.0 

7.9 

7.7 

(1) •• .. 0 

nr.. 

h; {..’■> 

4.0 

0. 

7.7 

Vct<*h ur tare (4) “ . . (» 

1 Id. 

H7.8 

14.9 

2.7 

;57.1 

“ “ “ .. r> 

]r.o. 

HO. 

1 : 5.0 



“ .. 1 

ho.ri 

71. K 

7.9 

7 

4.2 

“ “ . . 

I4;k 


7.2 

4. 

H.4 

“ “ . . 2 

n.'k 

119. 

O.H 



•* CM) “ . . G 

IGO. 

101 . 

7.4 

:5.K 

H.2 

“ winter “ .4 

14:{. 

92. 

7.2 

4. 

H.4 



378 Phtufs. 


\ Commepclal Plants- 



Lhs. 

ill 1.0(H). 



Ham pie 





Phos- 


(No. of HiinlyHes 

Author- 


Nitro- 

phoric 

Pot- 

ill parent lifses). 

ity. 

Water. 

Ash. 

llt-n. 

acid. 

ash. 

Flax, 11 her 

... 4 

100. 

0.8 


.7 

.3 

“ .stems 

... 4 

120. 

31.1 


4.2 

9.7 

“ “ roasteil 

... 4 

100. 

7. 


.8 

.3 

( Jrapo stalks 

.. . 4 

(>.'{0. 

21.2 

5.0 

1.8 

10.9 

“ must 

.. . 4 

840. 

4.7 

1.8 

.0 

3.1 

“ wood and Iwiics 

... 4 

boO. 

12.7 

4.1 

1.4 

4.1 

Hemj), stems 

... 4 

108. 

31.7 


2.1 

5 . 5 

JIops, whole Iiluut 

... 4 

140. 

72.9 

2b. 

5.8 

17.9 

stems 

... 4 

100. 

38.3 

lb.7 

3.9 

11.2 

“ llowers 

... 4 

120. 

00.3 

3‘’ 

11.1 

23. 

Mulberry leaves 

.. . 4 

720. 

30.1 

14. 

2.4 

7. .3 

Tobacco leavc's 

... 4 

180. 

140.7 

24.5 

0.0 

40.9 

Tea leaves 

... 4 

80. 

47.0 

35.0 

7.2 

10.4 

Wiue jifroumls 

... 4 

ObO. 

30.7 


4.0 

17.2 

Fertilizing Materials- 







AmuKuiiti^ 

... 1 

58.8 


113. 

34.3 


Ammonium sullate 

... 4 

40. 


205. 



Ash of (b'cidtious trees 

...4 

bO. 

90. 


.35. 

100. 

“ evi*r|j:reeii “ 

... 4 

bO. 

90. 


2.”). 

00. 

Ashes, leached wood 

... I 

:h)2. 



15.1 

12.7 

Hat p:uauo 

... 1 

400. 


82. 

.38. 

13.1 

Hlood meal 

... 4 

i:{4. 

82. 

118. 

12. 

7. 

Hone, ash 

... 4 

00. 

910. 


.354. 

3. 

black 

... 1 

40. 



28.28 


“ “ 

... H 

00. 

840. 

10. 

32. 

1. 

“ “ used 

... H 

100. 

840. 

.5. 

20 

1. 

“ “ dissolveil 

... 1 




17. 


" charcoal 

... 4 

IbO. 

780. 

5. 

100 


“ meal 

.. . 4 

130. 

232. 

23. 

170. 

1. 

(hilcium phosphate 

... 4 

277. 

597. 

15. 

195. 

1. 

Faniallit 

... 4 

201. 




98. 

Castor pomace 

... 1 

9b. 


55. 

1 7.5 

11. 

Clover, red, root nodules 

7 

793.7 


11. 



Corn smut 

... 8 

8.3. 


20.9 



Cotton-hull ashes 

... 1 

78. 



88.5 

227.5 

Fish guano, Norway 

... 4 

98. 

340. 

85. 

138. 

3. 

Gas lime 

... 4 

70. 

91V. 

4. 


2. 

Horn meal and shavings 

. . 4 

8b. 

230. 

102. 

55 




/w rfiVn ’nnj 

Mdti /• 

//r/.s*, r’ 

out in nt(l. 



Sample 





I’hos- 


(No. of aiialyssos 

Auf luir 


N i t ro 

phuric 

Pot 

in parent lu*s<‘s). 

ify 

Water. 

.\sh. 

j:cn. 

aci<i. 

asli. 

Kainit 

i 

l-JT. 




128. 

Ki»*s«Mit 

4 

LN»7. 




75. 

Marl 

H 




5.5 

7.'.» 

“ (N..I.I 

1 

i:>. 



do. 


Molus^(•^ ash from .suj.:ar Im-« 

t.... 4 


8i;{. 


Itt. 

d21. 

Murk 

1 

:.tio. 


11. 

1. 

1.5 

Nitrjitc* of ]Kifasli 

1 

i!».;5 


IdO.l* 


451. ‘J 

“ “ so<!a 

1 

It. 


157. 



( )h'oiiiar^ariuo nCuse 

1 

h.‘». 1 


121. 

H.M 


( )vstt‘r-slit‘ll limo 

I 




l.H 

.5 

IN)lassium Jiml maj;iu>ium 

sol 






fat<‘ 

4 

in;. 




272. 

I’otassiuui rlil«»ridr. hU', .... 

4 

11. 




52 7 

I’otassium stilfale, !M)', 







4 in*. 

I’ra, cow, roofs 

s 

ifii.i; 

11*0.7 

(i.h 

0.1 

11.*; 

INaf 

1 



h.5 

.H 

1.8 

“ ashes 

H 

:*e. 

*.♦25. 


0. 

15. 

1 ’hosjihaf e, Florida 

1 




d20. 


*• ('ana<la 

4 




di*fi. 


“ S<»uth Caiaditia.. 

J 


!**;5. 


2*;5. 


IMiospliatc, Soufh <'aroliiia 

di'' 






.sfdved ro<‘k 

h 

120. 

ShO. 


1.52. 


Feniviau ^'uaiio 

4 

ir.o. 

4::o. 

70. 

1 10. 

.d.d. 

Seaweed 

h 

FilM 


11*. ;{ 

4..d 

2t;.<i 

“ ashes 

1 

11.7 



d. 

1*,2 

Sewa>.^e 

4 

'.»71. 

11. 

4.5 

1.1* 

*> 

So if , wood 

4 

rat. 

2h2. 

Id. 

4. 

21. 

" coal 

4 


X\\. 

21. 

4. 

1. 

Spent tan-hai k ashes 

1 




10.1 

2* *.4 

Star llsh 

K 

riH7.H 

Itk*.!* 

17.2 

2.5 

4.8 

S<M*t from wood 

H 

:»o. 

27* 

Id. 

4. 

2X 

“ “ hard coal 

4 

5f». 

2Ml. 

24, 

4. 

I. 

Sfaliuin nitrate 

4 

2(1. 


155. 

» 


Suf'ar house scum 

H 

.'{45. 

410. 

12. 

15. 

2. 

Sumac waste 

1 

(idO.O 


11.0 


: r 2,5 

Sylvinit 

4 

(75. 




124. 

Tankaffe 

1 

IW). 


07. 

118. 


Tannerv refu.se 

4 


18H. 

14. 

J.'l. 


Thomas slat: 

4 




175. 


Tobaceo stalks 

1 

01.8 


37.1 

0.5 

00.2 



380 Fertilizing Mnterials, concluded. 


Sjiniplo 

(No. of aiialysos Aiitl 

ill imreiithosos.) 

Tohiicco stonis 4 

Wool (liisl , cti- 4 

VII. Fruits, Leaves and Nuts 

Applo leavt's, collected in May ... 1 
“ “ “ “ Sept... 1 

“ fruit 1 

“ “ 4 

“ tri'es (youiij.C), lu*unclies. . . 1 

“ “ “ roots I 

“ “ ‘‘ trunks 1 

“ “ “ whole plant 1 

Apricots, fresh 1 

Hanuna 1 

Hlackherries 1 

Hluelierrii's 1 

('berries, fruit 1 

" " 4 

('ln'rry (ret*s (yountr), hranclies.. 1 

“ “ " roots 1 

“ “ *’ trunks 1 

(diestnuts, native 1 

“ cultivated 1 

“ Spanish 1 

('hina berries 1 

C’ranberrit's, fruit 1 

“ vines 1 

Currants 1 

Grapes, fruit (fresh) 1 

“ “ “ 4 

“ wood of vine 1 

Gooseberries 4 

Leindns 1 

Nectarines 1 

Olives, fruit 1 

“ leave.s 1 

“ wood of larger branches. . 1 
“ “ “ small “ ..1 

Oranges, California 1 

“ Florida 1 


PllOS- 


►r- 

Wat«*r. 

A^ll. 

Nit ro- 

C»‘ii. 

phoric 

acid. 

Pot- 

ash. 

IHO. 

01.7 

Ki.l 

9.2 

28.2 

100. 

.{40. 

5‘> 

13. 

3. 


Lbs. 

in 1.000 



72d.(> 

23.3 

7.4 

2.. 7 

i:..) 

t;o7. 1 

34.0 

8.9 

1.0 

3.0 

Hy.i. 

3.9 

1.3 

.1 

1.0 

k;u. 

2 

.0 

.3 

.8 

Hdti. 

0.5 


.4 

.4 

047. 

1.7.9 


1.1 

.0 

5 17. 

11.7 


.0 

.0 

008. d 


3.5 

.5 

1.7 

8.")1.() 

4.0 

1.9 

.0 

2.9 

OIL’..") 

11.5 

.8 



880.1 

5.8 

1.5 

.0 

2. 

82ti.O 

1.0 

1.4 

.5 

.5 

801. 

5.8 

1.8 

.0 


82.7. 

;{.o 


.0 

L>. 

70.7. 

7.8 


.5 

.0 

072. 

12.2 


.8 

.7 

olLb 

8.1 


.4 

.(i 

400. 

10.2 

11.8 

3.9 

0.3 

400. 

17.8 




100. 

20.0 




105.2 

41.3 

11.9 

4.3 

23.3 

805.9 

1.8 


.3 

.9 


24.5 


2.7 

3.2 

800.2 

5.3 


l.l 

2.7 

830. 

5. 

1.0 

.9 

2.7 

830. 

8.8 

1.7 

1.4 

5. 


29.7 


4.2 

0.7 

903. 

3.3 


.7 

1.3 

838.3 

5.6 

1.5 

.6 

2.7 

790. 

5. 

1.2 



580. 

14.2 

1.8 

1.2 

8.6 

424. 

25.1 

9.1 

2.0 

7.6 

145. 

9.4 

8.8 

1.1 

1.8 

187.5 

9.0 

8.9 

1.2 

2. 

852.1 

4.3 

1.9 

.5 

2.1 

877.1 


1.2 

.8 

4.8 



F)i(ifs, Ijnnus and 

A’ ///.s’, 

('itm 

Imlf (1 . 


;{si 

Sarnplo 





I’lo.s- 


(No. of iiunlyst's Atitlwir 


Niiro 

plloj if 

l‘ot 

111 itiiri'iil li<*s»‘s ) . 

iiy. 

\Vai.*r. 

.\sl|. 

goil . 

Mfi-I 

Jlsll , 

Palm nut 

:• 

7(1 

18. 

i:i.i 



PoMoho.'i, fruit 

I 

SJH. 7) 

;{.'j 



2.1 

“ of lu'MUclios 

1 

. t'» 

in.;{ 


2.2 

.'). 

Poauuts, lull Is 

1 

KMb 


10. t 

1.1 

h.l 

“ kcrurls 

1 

lou. 

‘22. \ 

10.1 

H.2 

S.8 

“ viims. aft« r Mooiuiuf'. . . 

1 

lOb. 

m.o 


2.9 

1». 

“ “ hoforo “ 

1 

:u)(). 

71.:) 


:!,2 

ii.<; 

I ‘oars, f ruit 

1 

Kkt.L‘ 

:».i 

.0 

•:i 

. s 

•* “ 


h.'II. 

;t.;! 



l.s 

“ tn os (youutrl. brauolios . . . 

1 

htO. 

7.f) 


.1 

.H 

“ “ “ roots 

I 

titiT. 

M. 


.7 

1.1 

“ “ “ trunks 

1 

!!»:{. 

17.1 


.7 

i.;i 

Pinoai>plos 

1 

h'.rJ.H 


.2 



I‘lums 

1 

171.;! 

1 

1,S 

.2 

2,1 

“ 


h.'th. 

■J.!» 


. 1 

1,7 

l*ruuos 

1 

77;t..s 

l.'.t 

I.fi 

_7 

:{.l 

Haspborrii s 

1 

l-S . ‘J 

•v:. 

1.:. 

1 . 8 


Strawborrit s. fruit 


!*Oh. i 

•i. 

1.:. 

1.1 

;{. 


1 


:t.;! 



. 1 

“ vinos 

1 


V.;!, 1 


4.H 

'A.:> 

Whortloborrios 

h 

SLM.li 

1.1 




VIII. Green Fodders 



i.bk. 

in l.tMMi 



Alfalfa 

1 

7.'.;:. 

‘2'2 . :» 

7.2 

i.;{ 



1 

7lo. 

r.b2 

7.2 

1.(1 

•I..7 

“ (11) 

•i 

7b0. 

22. 1 

0.2 

!.:► 

.{..7 

Aj>plo ]>(»niaoo, sila;ro 

«; 

T.'iU, 

1 

.’{.2 

1..') 

1 

Aspon, Ainorioaii (1) 

t; 

7ou. 

‘28. 

(kl 

l.H 

7 '* 

Rarloy, duriiii^ and at ond of 







bloom ( 1 1 j 

t; 

gh;.:! 

L'n. 1 


•2. 

:>.] 

Hoan, liorse ( I'iria Fuba } 

1 

717. 1 


(i.H 


i:{.7 

Rean, horso { r»>bi b» grin- 







ning of bloom ( 'J 1 

r, 


1‘>.8 


!.;{ 

H. 

Beeoh, Kuropoan, August and 







Septoinbor (4; 

r. 

7)70. 

:n .2 

11. 

1.7 

4.7 

Birrh, Kuropoan whito, in An- 







(111 

0 

.^50. 

ir>.7 

12.7 


:b4 

Buckwheat, in bloom 

4 

8.y). 

12.1 

.'1.9 

.H 

.'1.8 

“ “ “ i') 

G 

8:(7. 

11.4 

4. 

.7 

2.8 

Clover, Alsike 

1 

818. 

14.7 

4.4 

1.1 

2. 



382 Qreeyi Fodders, continued. 


Sample 

(No. of analyses Aiillior- 


Nitro- 

Phos* 

plierie 

Pot- 

in i»aronthos(‘,s). ity. 

Water. 

Asli. 

trvii. 

a(d<l. 

a.sli. 

Clover, Alsike 4 

820. 

8.b 

1.4 

.0 

2.4 

“ (:i) n 

818. 

M.7 

4.4 

1.1 

o 

Clover, Hokliara, he^inniiif^ ami 

full hlootn (()) <} 

707. 

2.4.1 

b.b 

2.4 

b.7 

(’lover, eriinsori 1 

82.1. 


4.. 4 

1..4 

4.0 

“ “ 4 

811. 

11. .4 

4. .4 

.8 

2.b 

“ “ (D) ('» 

811. 

18. b 

1.1 

1.2 

4. 

“ red, verv vomi;r 1 

8<;o. 

It, 

1). 

1.7 

1.1 

(IS) r. 

8.42. 

18. 

b.o 

2.1 

b.l 

“ “ in luid 4 

820. 

14.7 

1..4 

1.1 

.1 , T) 

“ (11) 

841. 

11. 

1.4 

1.4 

•1.8 

“ “ “ Idoom 4 

800. 

1.4.7 

4.8 

1.4 

1.4 

“ (12) «•> 

700. 

lb. 

1.4 

1.1 

4.8 

“ 1 

800. 


1.4 

1.4 

•l.b 

“ \vhit(> 1 

810. 


l.b 

•) 

2.4 

“ in hlooin 4 

801. 

11. .4 

l.b 

1.8 

4.1 

(.‘1) (I 

811. 

21.1 

7.1 

2.1 

.4.b 

“ pHsturi' *. 4 

7.10. 

lb. 4 

1.4 

l.b 

7.b 

“ “ (21) (1 

8.10. 

1.4.1 

1.8 

1.8 

b.l 

“ yellow 8 

8.40. 

11.7 

1.1 

1.1 

.4.2 

Ki'ica vulj'aris, before bloom- 
it>K (2) (» 

.100. 

2!>. 

i.»; 

.1 

2 . .1 

K.s|uirs<*t((*, in bloom 4 

800. 

11. 

1.1 

1.1 

.4.1 

(2) b 

800. 

12.2 

l.b) 

1.1 

.4.2 

Crape, July (i 

71b. 

10.8 • 

o.b 

2.b 

4.b 

“ AUiJUSt b 

7b<t. 

18.4 


1.0 

4.. 4 

*■ liarv<*st b 

110. 

40.2 

b.l 

1.4 

4.b 

Hop, leaves ami stems b 

bbo. 

11. 

7.1 

4. 

8.8 

Italian rye-^rass [LoJium Ituli- 

ctufi), in bloom (8) b 

748.1 

28.4 

1.4 

2.0 

11.4 

Cupine, yellow (/.KpinHS lutcfOi), 

bejirinnim^ of bloom (7) b 

878. 

10. 

4.7 

1.2 

1.4 

Maize, fodder 1 

78b. 1 

48.4 

4.1 

1.5 

4.4 

“ 4 

820. 

10.1 

1.0 

1. 

4.7 

“ (4r,) G 

828. 

14.7 

2.2 

l.I 

3.0 

“ “ 8 

822. 

12. 

1.0 

1.3 

-».4 

“ Kiiropean seed (24) G 

80b. 

12.2 

2.7 

1. 

4.0 

“ busks 8 

8G1.0 

l.b 

1.8 

.7 

o o 

“ stalks 8 

808. b 

12.1 

2.8 

1.4 

4.1 

** silage 1 

770.5 


2.8 

1.1 

3.7 



(h'f pn Fodih rs, < ind 'nnn d . 


Sample 

(Ne. of nnalysos Anil 

in pa ron theses). ifv 

Maple foliai;**, iti .smimier (5) .... (i 

Modick, black (Me(iir4H/o lujm- 
linif), bc^rinnintr of bloom (1) Ci 

Mill(‘t I 

“ (b) i; 

“ Japanese 1 

Mixed ^M*asses 1 

“ “ I 

“ “ in bloom I 

“ (Jl) <; 

^Ifdiar {Si'tnriit (if't'wti nira \ , bc- 

KdnniiiK" of bbann I 

Mohar {St'tariti (tf'rtiuiniro ) , dur- 
ing l)looni ( <( ) 

Mulberry (.'M) i; 

Mnstar<l, white, be^^^innintf to full 

bloom (IJ) li 

Ne(‘dleH from pities and firs in 
fall (J) i; 


Xett!(‘ {i’rfira dinini), yonn^r i-l b 


Oats, in bloom (12) (’» 

“ ripeniiif' (11) <; 

“ Kreen h 

“ “ f 

Oat-fotlder 1 

Orchard i^niss {jPartiflis ijlnun - 
r<it(i) } 

Orchard ^rass (Dncf^jlis 

rata ), before and at be^rinninj; 

of bloom (5) <; 

Ondianl )rrass i Parti/Iijt glome 

rata), in bloom (12) b 

Orchard jfrass {Dartylh glome- 
rata), luxuriant growth (2i.. f» 

Pea 4 

“ (J) b 

Pea, flat {Lathyrus nylvesttriti) , 
beginning to end of bloom (6) 6 
Prickly comfrey {Symphytum 
afperrimum) (17) 6 


r- 

\Vat«*r. 

non. 

Ash, 

72.'.) 

Nitro- 

k'CTI. 

IJ. 

PhoH 

phnric 

mill 

0..0 

ih.f 

ash 

K. 

KOI). 

Ib.l 


1. 

1. 

t;2r).H 


b.l 

1.0 

1.1 

K70. 

12. 

•) •) 

.7 

1,7 

TIO..') 



• * 

.0.1 

bill. 2 

:r2.7 

0.1 

2..0 

7..^ 

700. 

22.1 

f).! 

l.K 

7 1 

7:>o. 

17.:» 

l.K 

1.2 

4,7 

700. 

21. 

•1.0 

1.7 

b.2 

7ri(). 

17.1 


1. 

b.o 

7:{o. 

2:i. 

!.:• 

1. 

b.l 

b02.7 

;i:». 1 

0.:) 

2.1 

K.l 

Hal. 

11.2 

\.a 

l.b 

2.b 

r»oh. 

1!).7 

7.1 

1.7 

2.0 

k;{2. 

22.7 

K.7 

2..0 

0.1 

7bh.:, 

17. b 

.0.1 

l.K 

b.H 


2K. 


2.b 

H.M 

Klo. 

IH.M 

;i.7 

1.7 

7..') 

MO. 

1 1.2 

0.7 

1,0 

r».b 

s.'M.t; 

l.i.l 

1.0 

i.:i 

O.K 

7o((. 


17. K 

l-.O 

.'».0 


70b. 

IK.b 

0.0 

1..0 

b..7 

bOl.4 

20.0 

4..0 

l.b 

7.b 

Kbl. 

lb. 

.^.1 

1.0 

b..7 

Kb”). 

10.0 

.7.1 

1..7 

.7.2 

824. 

I.O.O 

.7.7 

l.b 

7. 

71b. 

10. .0 

11. .0 

1.8 

7.8 


10.8 

0.0 

.7 

4.8 



384 Orti'ii Fixhhrs^ (‘ontinufd. 


Simii»Io 

(Xo. of juwilysfs Author 



Xitro- 

Phos- 

Iihoric 

Pol- 

ill p:irf*iiiln*.s«-s). ity. 

Walter. 

Asli. 


acid. 

asli. 

I’rickly cmiifroy ( SijmpJujtnm 

a.sprrrim uw ) 

] 

84:5. t; 

24.. 7 

4.2 

1.1 

7.7) 

Rapo ( lir((Hsirn Xapus oh ift'ra)^ 

of liloom 

4 

870, 

10.7) 

4.0 

1.2 

2.7) 

R:i|ro ( /inissiru. Napus olcifcrtt ), 

in bloom (ti ) 

(i 

87)7). 

12.4 

4.. 7 

1..7 

2.0 

Rvo 

1 



2.2 

1..7 

7.. 2 

“ 

4 

700. 

10.2 

7). 2 

2.4 

0.2 

“ (^)) 

t; 

70)0. 

17.4 

.7.2 

2 . 7) 

7.1 

“ 

s 

000. 

21. .7 

4.8 

2.0 

7.0 

“ 

1 

700. 

20.4 

7). 7 

2.2 

7.1 

Ky(‘ jrrasM, Kmrlislr f Lolium pt r- 

< >?m' j, in bloom | l.‘{) 

() 

7.')2. 

20. 

4.'/ 

2.8 

11. 

Ryo j^niss, Fn nch (A vetia 

i'lntior) (0) 

() 

(184.8 

20. 

7).0 

o o 

0.2 

Scrrndolhi, in bloom 

1 

82.’.. 0 

18.2 

4.1 

1.4 

4.2 

*• “ 

4 

800. 

10.0 

4.8 

2.‘) 

7.7 

(<5) 


82:5. 

14.. 7 

.7. 

1.0 

7).. 7 

Sor^dmm (S. sarrharimihi ), in 

bloom 

8 

772. 

1.2. 

4. 

.8 

.2.0 


Sorj'lmm (S, }i<trrh<trinum ), in 


bloom 

1 

821.0 


2.2 

.9 

2.2 

Sorj^bum ( S. sttrrhitriniitn ), in 
bloom (20) 

(i 

801. .7 

1.2.7 

2.2 

.7 

2.4 

Sorghum ( S. aarcharinuin), in 
bloom 

4 

772. 

14. 

4. 

.8 

2.9 

Spurry (Spt'n/Kht arrr)tftis), in 
bloom (01 

(> 

80.2. 

21. 

2.8 

2 . .7 

5.9 

Timothy, bo^innin^if to rinl of 
bloom 

4 

700. 

20.. 7 

5.4 

2.4 

7.1 

Timothy, bof^inninj? to oml of 
bloom (22) 

(') 

660. 

21.7) 

4.8 

2.6 

7.6 

Votch, in bloom (0) 

() 

825. 

15.4 

5.1 

1.2 

4.2 

“ bo^inninjt; of bloom (2)... 

0 

845. 

10.4 

5.9 

1.9 

7. 

Vetch, Russian or liairy ( llria 
rillosa), beginning to end of 
bloom (7) 

(i 

824. 

12.9 

6.6 

1.6 

4.1 

Vetch, kidney ( AnthylUs vuhn’- 
raria), before and beginnine: 
of bloom ( 4 ) 

6 

820. 

12.5 

3.8 

1.1 

3.3 



(rnrn Fothhrs, roui'hided . .’ISf) 

Sample 

(No. of jinalyHos Author Niln, phuri.- Put- 

in paronthu.M-s). itN. Wai.u- \>h. u'mi. a. i.l 


Vetcli, ki ituy (Anfhyllis rulnr- 


roriii), ill blcMtni 4 

Wheat (4) ti 

IX. Hay- 

.Vlfalfa ( Mulicdtjo sotirn ^ |21 I . . . I 
I 

Alfalfa ( M( <liriiifo .sutint). In- 
^rinniiiLT of hluoin I 


Alfalfa ( MnUeaijo mttira}, l>< 

/^inniii^ of hliatin 

Alfalfa ( .)f <<l iritijit .'iiih. 'i) Im 


of hlooni ( i:» i i. 

Alfalfa ( Mt in 

hlooni (117) . «i 

Alfalfa ( M* (liaujo sofiro) in 

hlooni 

Alfalfa, Hho-k .Mo.lirk (M,>ln.u,u 

lu/nilind ) ( 7| li 

I pine hay 1 

•• (hi) (i 


liean ( Held ) . in hlooni ( 1 I (i 

“ soja, wholo plant I 

Hlark trrasH (./unrus (>'• ninli ) I 

Blue inelilot ( }frl}lo(us ra t uh w .« ) 1 
Buckwheat (dl 1 

iP-M l i 


“ Ja[tanovc ] 

Couch j^rass ( Ayrojiyrutd r^jn ns ) 

(7)1 1 

('lover, Alsike (Trifolium hy- 
brid urn) (IB 1 

Clover, Alsike ( Trt folium hy- 
brid urn) I 

Clover, Alsike (Tri folium hy 
bridum) 4 


KM. 

10.0 

•1.:, 

1. 

.0. 

<t»7. 

L’1.0 

r,.! 

1.7 

7. 


U.s 

in 1.001) 



SI. 

71. 

22.0 




7i»,7 

21,0 

7.1 

Kl.s 

](>(). 

0'_’. 

2;;, 

7.;; 

11.(1 

Kir. 

lil'. 

2;(. 



i.'.7.:» 


2;{,o 

7.4 

14.0 

i:.;;. 

so.,' 

22.0 

(1.1 

17.0 

Kin. 

1 

2;i, 



h'M. 

77, J 

2i.»; 

7.4 

20. H 

i:m. 

20. 7 

iH.r, 

2.7 

7.7 

1 1:». 

(B.;; 

10. ;( 

(l.M 

IH.r, 

1 1;;. 

<*2. 

2i.<; 




<■,7.7 

2!h(l 

(1.4 

20.. 7 

ti.l. 

(11.7 

•J.O.J 

(1.7 

10.8 

10. 

70. 

12. 



S'J.'J 

1:0;,:, 

10.2 

7.4 

2H. 



h.:: 



n;o. 

:.i.7 

i;h 

(1.1 

21.2 

ILM. 

:,2. 

fi.d 



IhO. 

7(».J 

7.7 

(1.1 

24.2 

101. 

.‘,0. 

<1.2 



.*,70 


1(1.:; 

H..7 

2:5.2 

11;;. 

00. 

14.1 



07. 

s;:. 

20..', 



W.l 

111.1 

2;{.4 

fi.7 

22. .'4 

100. 

40. 

24. 

4.1 

n.i 


z 



H(iy, continued. 


:}86 


Suiiinlo 




Ph08- 


(No. f»f analyses Author- 


Nitro- 

phoric 

Pot- 

in panuUlu'ses). ity. 

Water. 

Ash. 

Ken. 

acid. 

ash. 

Clover, Alsike ( Trifolium htj- 






btridnm) ‘J 

100. 

01. 

2:1.7 



(’lover, Alsike (Trifolium htj 






hridum), in Mooni (10) 0 

100. 

71.2 

21.0 

5. 

i:{.9 

(’lover, Alsik(^ ( Triftdium // »/- 






hriiluui), in hlooin r> 

100. 

00. 

24. 



Clover, lUikhurii ( Mel i lotus olhu) 1 

74. ;{ 

77. 

19.8 

5.0 

18.5 

. , . * <4 1 i 2 

i:i(h 


25. :i 



Cl<»ver, Kokhiira ^ A/e/j7o/n,'< allot). 






yonn^^ r> 

14:5. 

80. 

20.7 



Clover, crimson (Trifolium in- 






ea ruafum ) 4 

107. 

:.o.7 

19.5 

.'1.0 

11.7 

(’lover, crimson (Trifolium in- 






ear nut urn) 1 

IdO. 

09. 

17.1 



(7over, crimson (Trifolium iu- 






ea met (urn) (0) (i 

IKl. 

77* 

20.5 

4. 

15.1 

(’lover, crimson (Trifolium iu- 






earuatum) •. . . .*> 

ni7. 

r.i. 

19.5 



(’lover, mammoth nsl 1 

114. 

87.2 

22. :i 

5.5 

12.2 

(.’lover, reel (Trifolium prateuse) 






(3S) 1 

l.Kh 

C.2. 

19.7 



(’lover, red (Trifolium pratense) 1 

ii;i.:{ 

(>9.:i 

20.7 

:{.8 

22. 

4 . 4 4 4 « 4 2 

100. 

,"0. 

21.4 



Clover, red (Trifolium prateuse) 






(oU) ■ 

lOd. 

02.8 

21.8 

5.0 

18.9 

Clover, red ( 'Tri folium prateuse) .'> 

lot). 


19.0 



(’lover, red, yoiin^ 4 

107. 

82.:{ 

55.5 

10. 

29.7 

“ “ in hud 4 

1C..".. 

08.4 

24.5 

6.9 

25.5 

(LMM 

102. 

80.1 

22.9 

6.9 

25.4 

“ “ in hlooni ((») 1 

208. 

00. 

18.4 



4 

100. 

.')7.0 

19.7 

5.0 

18.6 

‘ • ( 1 7S 1 (» 

170. 

02.1 

21.2 

5.5 

18.7 

“ •• ripeninj' 4 

lot). 

44.7 

12.5 

4 4 

10. 

(’lover, red (Trifolium medium) 






(10) ; 1 

212. 

01. 

17.1 



C’h)V<*r, red (Trifolium medium) 1 

114. 

87.2 

22.:i 

5.5 

12.2 

Clover, red ( 'Trifolium medium) 






in bloom (.")) 1 

209. 

00. 

78.4 



Clover, white, in bloom (7) 1 

97. 

S3. 

25.1 



' 1 



07 s: 

.5.2 

18.1 



Hay, continueiL ,'{8 7 


iSample 

(No. of analyHfM Aiilh< 

in parent ity. 
Clover, white, in bloom 4 


1 »») 


French rye jufrass (A tu na fUttior), 

cut in bloom (loj (i 

French fye ^ra^.s (Avi ua t-latior), 

cut in bloom o 

Hedy-sarum coronariinn 1 

Huiifrarian jfras.^ (Setaria Hal- 

irn) (l‘J) 1 

HunKHrian ^^rass {St f aria Itnlint ) I 
Italian rye j?rass ( LitUum Had- 

cum), cut in bbxun 1 

Italian rye j^rass ( LoUum Jfnli- 

rnw y, cut in bloom (b) b 

Italian rye ^rass { Lnlium Itoli- 

cunt ), cut in lilooni o 

Kentucky blue ( Poa pm- 

tennis) 1 

Lotus vil lo.su s 1 

Lupine, yello\s' (.'{) b 

Maize, .stalks 4 

“ “ b 

fodder, with cars 1 

** “ without cars,,.. I 

Meadow hay 4 

“ b 

“ “ best (141) b 

“ “ poor (14.")) (i 

Meadow hay, in localities with 

weak-Ujtied animals 4 

Meadow fescue ( Festuca prutrn 

sis) 1 

Meadow foxtail ( Alopecurun pru- 

tensii) I 

Millet, common ] 

“ Japane.se 8 

“ different species (2) b 


Pho*- 


Water. 

Ash. 

Nitro- 

(P'li. 

phorio 

aciit. 

Pol- 

NNh. 

Ib.^). 

bi.i 

23.2 

7.8 

13.1 

Ib7. 


23.8 



ibd. 

b7. 

23.8 

7.8 

13.2 

lb.'-,. 

•;o. 

23.2 



u:{. 

HI. 2 

Ib.b 

b. 

24. 

Mil. 

‘99. 

17.9 



IKbP 


24.6 

4.. 5 

20.9 

77. 

bo. 

12. 



7b.') 

61.8 

12. 

3.. 5 

13. 

H7.1 


11.9 

r).b 

12.7 

120 . 

102..") 

20.8 

7.6 

24. b 

I4;b 

78. 

17.9 



lu.'b.’) 

41.6 

11.9 

4, 

15.7 

11.').2 

82.3 

21. 

5.9 

18.1 

ibo. 

r>o.8 

29.6 

b.7 

8.8 

l.")b. 

4.').a 

4.8 

3.8 

Ib.l 

•JOb. 

47.9 

8.9 

3.. 5 

1". 1 

7h..'» 

49.1 

17.6 

.">.4 

8,9 

1)1.2 

:i7.i 

iO.4 

2.9 

U. 

14;{. 

59.8 

15.6 

4.3 

lb. 

i;i7. 

64 JS 

14.7 

4.1 

13.2 

146. 

71.4 

19.2 

4.8 

15.2 

l.'tH. 

53.6 

10.9 

3.4 

Jl. 

140. 

44.5 

14.4 

2.3 

12. 

88. 9 

80.8 

9.9 

4. 

21. 


.V2.4 

15.4 

4.4 

19.9 

97..') 


12.8 

4.9 

16.9 

104..") 

58. 

11.1 

4. 

12.2 

l.V). 

73.6 

7..3 

2.9 

4.8 

150 

74. 

7.4 





lliifi, roiitiiiu/'d. 


;w8 


Sainj)!?' 





Phos- 


(So. of analysi*^ Autlior 



Nitro- 

phorie 

lN>t. 

in parontin sos) . ily. 

Water. 

.\sh. 


aeiii. 

asl,. 

Millet (Panirmn tHiliorruni ) . . . . 

I 

07..') 


12.8 

4.9 

10. !» 

“ Japanese 

1 

104..') 

.'S. 

11.1 

4. 

12.2 

Mustanl, white, hej^innin;' to full 







hlooin (7) 

(i 

l.')0. 

71..') 

17.7 

8.1 

i;?.o. 

Outs, in bloom ((») 

0 

ll."». 

01.1 

11.9 

0).7 

25.4 

Orehanl ^rass f DactifliA f/hnnc 







rata) (10) 

1 

W. 

00. 

i;?. 



Orchard ^rass ( ParhfliH (jlome- 







rata ) 

1 

.SS.4 

04.2 

i:?.i 

4.1 

18.8 

Orchard ^niss ( Dartiitis (jtomr- 







rata ) 

4 

lid. 

.')0.8 


:?.o 

10.7 

Orchard j^rass ( l)artifli.'< (flame- 







rata ), cut in hlooni (11) 

{> 

14;?. 

t;i.;: 

i:?.i 

:?.7 

10.9 

Ox evi^ daisy ( ( 'li rjfsa nt/i( ai a tn 







Learanthemaai ) 

1 


t;:?.; 

2.8 

4.4 

12.5 

Pea ( Lathffra.'i .sifinst ri.'i ) in 







bloom ( 10 ) 

0 

172. 

00.. s 

:?;?. I 

5.1 

Iti.'.t 

IN*a, ^reen 

4 

107. 

<i2.4 

22.9 

0.8 

2; 1.2 

“ cow, wlnde plant (S )*. 

1 

107. 

7.'). 

2ti.O 





1 

1011..’) 

84. 

19.5 

5 . 2 

14.7 

“ (^) 

1 

107. 

la. 

20). 0 



‘ ‘ ( lAtth jf ra s sjfl re.'^tris ) ( d ) ... 

0 

l.')0. 

.')1.1 

19.4 

>) j 

0.;; 

.. 

.■> 

140. 

48. 

19.2 



Perennial rye j^rass ( I.aliam 







penmie) 

1 

111.:? 

07.9 

12.;; 

5.t) 

15.5 

Perennial rye j^rass ( Laliam 







pereane) 

4 

14:?. 

.•■)8.2 

10).:; 

0..2 

20.2 

Perennial rye jj^rass ( Laliam 







pc re a ae ), cut in hhann (11).. 

0 

i:?2.r> 

100.2 

17.7 

7.4 

24.1 

Perennial rye grass ( lA>liam 







peroniej cut in bloom 

r> 

14:?. 

05. 

10.:? 



Poa maritiina 

4 

loO. 

.57.9 


2.0 

O.ii 

Hed-top (A (frost is rahjaris) (1)).. 

1 

89. 

52. 

12.6 



« •• •* 

I 

77.1 

45.9 

11.5 

:?.o 

10.2 

Red -top (Aijrostis rahjaris) cut 







in bloom (J) 

1 

87. 

49. 

12.8 



Row en of mixed grasses 

1 

185.2 

95.7 

16.1 

4.3 

14.9 

Sainfoin (Oaabnjchis satira), in 







bloom 

1 

121.7 

75.5 

20.:? 

7.G 

20.2 

Sainfoin ( Oaobrprhis sati('a ),ii\ 







bloom 

4 

1G7. 

45.8 

22.1 

4.6 

13. 



ron/lnnnl. 


:{S!) 


Sami>lo 

(No. of smalyst s Antlm 

in iiarmtlio^rs). il^. 

Saintoiii ( Otiolptjfrh is safirnj, in 

l»l()oin 2 

Saiiifoiii ( (>n>>f,, i/i'liis sttllni), in 


lilooin (21)) (i 

Sainfoin ( Ouohnji'his stificu), l»o- 
;j:inninK' <>f l'I«>oni (<») (‘i 


Sainfoin ( Onithnu lns sulictt). 1m»- 

)j:innin;r of )>lo(»ni o 

Sainfoin ( Ohuhrifrli is sn/irn), in 

lilooin r» 

Salt niarsli hay S 

Sorradclla ( OrnitlnifHis stiflcns). . I 
“ “ “ .. J 

Sorradclla ( Oniithofins s>iliri<sj 
ho^^iiiJiin^' to ondof ]>Iooni (Hi h 
Sorradolla ( ( h’HlIliujtus siitit'ns) 


in hlooni 

St-rradolla f <7Aoy>a.'< saliriis).. I 

•• •* “ ( 1 I «; 

Solaria ( icnnanira ( 2d ) (i 

Soo1«*h taros 1 

SjMirry f S/>4 rijuln n rri usis ) ( 1) i . . <» 
S<m1;^o, orook ( Spurt i n<i stri<t'i, 

var, 4jUttn'n } (.I) 1 

'I'all nioa<lo\v «»at f A rrtf n>i 

(Jtt'f’inft (I I'rmirt u HI } 1 

Toosint4' f h'lirliht n(i htxu riit ns ) . . I 


'Finiothy ( Phltutn pruftnsi ) (OK). 1 

1 

(0‘.»>. 0 

Tijiiothy (Phlrum }:rof> nsr ) , vn\ 


in full l)loom (121 1 

Timothy ( Phh »/m prati ns* ), rut 

Ko(»n aftrr hlooin (11) 1 

Tiinotliv {Phleum pratrnse) rut 

when nearly ripe (12) 1 

Vetch, kidnoy [Anthyllis rulnt 
raria ) iu bloom 4 


l‘llo> 




N in o 

phono 

Tot 

* Wat or 

Wii. 

II , 

arid. 

tlvll 

1 ll*. 


■.'1.2 



i:.:.. 

,V2.1 

21.2 

l.)l 

12.2 

1 

07. 

2i.<; 


14.7 

IdK. 

07. 

2i.<; 



107. 

02. 






ll..-* 

■J.r, 

7.2 


loO. 

2 7. 

7.K 

o.:» 

! 07. 

M .Oi 

2i.<; 

O.l 

21.1) 

i:.o. 

72. 

21.2 



Itio. 

<17.2 

21.7 

7.4 

20... 2 

n;o. 

M. 

2.'..0 



72.0 

Inti. 

27. 

7.K 

(i.r. 


.‘.1.0 

20.7 

1.2 

12.7 

121. 


12.'.) 

.2.0 

•>'. o 

l.'.K. 


2:).0 

H.2 

20. 

I.'.o. 

01. 

10.4 

M.7 

21.2 


1<»7. 

10. <; 



1. 

r.t.2 

ii.<; 

2.2 

1 7 2 

(iO.ti 

t 2 

14.0 

n.n 

27. 

122. 

41. 




1 . > . w 

4 '2.2 

12. <; 

n.'.i 

'.). 

11.2. 

41.1 

10. 

5. 

14.1 

l.'>0. 

in. 

H.4 



142. 

44. 

9.1 



141. 

2'2. 

8. 



107. 

:>2.2 

22 1 

4.7 

14.5 







Saul pie 




PhOH 


(No. of HiialyNes Author- 


Nitro' 

phoric 

Pot- 

111 parontlicses). ity. 

Water. 

Ash. 

sen. 

acid. 

ash. 

V’otch, kifiiioy {Anthyllis vtdne.- 






rarift ) in bloom 2 

bll. 

60. 

1.5..0 



V’otch, ki<liii‘V (.1 ruhte- 






raria) in bloom (12) (> 

KiO. 

.0.5.9 

1.5. 

4.5 

12 . 

Vetch ( I'iria f'cocco), lic^lnnin^ 

to end of bloom (o) (i 

Vetch {V'iritt (bv/cco ), be^innin/^ 


4 : 1.2 

27.7 

4.6 

14.6 

of bloom r> 

lob. 

, 08 . 

:i7. 



Vet<’b ( Vit'ia tbvfcro), in bloom.. 
V'etch ( r/c/o (lHhH‘forii(in), in 

Hr>. 

4 : 1 . 

29.7 



bloom ( 1 ) (> 

Vetch {I'iria sipiitth), in bloom 

Ibb. 

o 2 . 

:i:i,H 


17.6 

(1) b 

HiT. 

61. 

:9).7 

6,4 

20.4 

Vetch ( Ttcm safira), in bloom 






(7) b 

IbT. 

H7. 

27.9 

7.3 

23. :i 

Vetch ( rb'ia riUo.sa), in bloom 






( 2 ) b 

IbO. 

84.1 

36.8 

9.7 

24.4 

X. Leaves, etc., of Vegetables- 

- 





Artichoke, denisabni (ileliau- 


Lbs. 

In 1 , 000 . 



thua tnberosus) 4 

HOO. 

14. 

5.3 

• 1 

3.1 

Arti<*boke, .It*nisulem {ffelioH- 






(Ints (4) b 

00 : 1.2 

71.0 

5.. 5 

2.8 

11.7 

Heet, common 4 

JK).'). 

14.6 

:i. 

1. 

4.0 

“ (19) b 

81)0. 

19.9 

3.8 

.9 

5.1 

“ .su^ar 4 

897. 

15..1 

:i. 

.7 

4. 

" “ («) G 

880. 

2 : 1.9 

4.1 

1.5 

6.2 

Cabbage {Hra^^sica Xapus rapif- 






era) 4 

884. 

19.6 

:i.4 

2, 

2.8 

Cabbage (Brassica Nupns rapif- 






era) (1) 6 

870. 

16.9 

4.3 

1.6 

2.2 

Cabbage {Brassica oleracea prO' 






cera) (7) 6 

856.:i 

14.1 

4.2 

2.2 

5.2 

Cabbage 4 

890. 

15.6 

2.4 

1.4 

5.8 

** stems 8 

820. 

11.6 

1.8 

2.4 

5.1 

Carrot 4 

822. 

23.9 

5.1 

1. 

2.9 

“ at root harvest (4) 6 

818. 

42.6 

5.5 

1.1 

2.7 

Chicory 4 

850. 

16.5 

.3.5 

1. 

4.3 

Corn, cobs 1 

801. 

5.9 

2.1 

.5 

2.2 



Ltttns, #/(*., of r< 

ift'iilhh .V, 

r<ni(‘ht(h (1 . 



Snmpl* 





l‘i>es 


(No. of anulvKOs Author 


Nitni- 

plmt Ic 

1-..I 

iji parent hosoKt. 

ily. 

Water. 

\s\x. 

yeie 

aciO, 

Msll, 

rorn, husks 

1 

Slil.'.t 

5.0 

1.8 

_ 7 

2 . 2 

“ stalks 

1 

808. li 

12.5 

2.8 

1.4 

1.1 

Manj?(*l-vvni Z(‘I 

8 

iM):.. 

11. 1 

.4. 

.8 

4.1 

I*arsiiip, iti Mav ( 1 ) 

h 

8;{i.r) 

2,10 

2.9 

.8 

2.5 

Potato, sJiortly hofore harvest.... 

4 

770. 

19.7 

4.9 

l.li 

4.4 

CM. 

li 

770. 

:{1.:1 

4. 

1.8 

4.0 

“ .lulv ninl Aiit'iist 

4 

827). 

10.5 

o.:{ 

12 

4.4 

“ “ “ (‘M 

i\ 

8.")0. 

15.5 

5.7 

1.2 

4.8 

Sweet j>otato 

1 

800.0 

21.5 

4.2 

_ 7 

7.4 

Hhuharh, roots 

1 

74:h.'» 

22.8 

5.5 

.0 

5.;: 

.Suecorv 

H 

8.')0, 

10.5 

4.5 

1. 

4.4 

Toinato vines 

1 

7;{;{.i 

117.2 

2 1 

.0 

2.9 

•• “ 

1 

8:{r). 1 

.‘{(I, 

.4.2 

7 

5. 

Turiiii> 

4 

808. 

11.9 

.4. 

.9 

2.8 

I. Mill Products- 



Lh«. 

In 1.000. 



Apple pomace 

1 ^ 

h0.">, 

*) " 

2.. 4 

•> 

1..4 

“ •• ("») 

li 

710. 

8.2 

2.V) 

.1 

..4 

•’ “ <lrie<l ( 1 ) 

li 

loo. 

28.1 

8.8 

.4.0 

.9 

Bariev, Mour 

4 

140. 

20. 

10. 

9.5 

5.8 

'• hran 

t 

120. 

19.5 

17.0 

9.1 

8.4 

•• (I’ll 

li 

12;{. 

70. 

10.5 

10.5 

9.2 

•• iiii(hlliiiu:s 

4 

I.'IO. 

21.1 


10.8 

5.5 

(BJ) 

li 

1.T2. 

28.5 

20.2 

17.4 

0.9 

•* ^roumi 

1 

i:m.:{ 

20.0 

15.5 

0.0 

4.4 

Beer 

K 


li.2 


2. 

2.1 

Beech nut cuke, tinshelled nuts 







(24, 

0 

151. 

47.2 

29.9 

10, 

G.H 

Beech nut cake, shelle<l imts (.')). 

r> 

104.5 

70.5 

.58.2 

14.4 

10. 

Brewers’ grains, drv 

1 

91.4 

.49.2 

40.2 

10,4 

.9 

(IW) 

h 

95. 

47.2 

4.4. 

10. 1 

2. 

*• “ wet 

1 

7.50. 1 


H.9 

4,1 

.5 

“ “ “ 

4 

TOO. 

10.0 

7.8 

4.9 

.4 

“ “ “ (158) 

6 

702.2 

12.4 

8.1 

4.2 

.5 

Buckwheat bran, coarse (5) 

6 

1.5G. 

28. 

12.8 

4.2 

12.7 

•• *• hne (9) 

6 

120. 

70. 

24.4 

14.2 

15.8 


4 

140. 

29.8 

27,2 

10.7 

9.7 

** middlings, coarse (6) 

6 

120. 

47. 

.50.8 

12.4 

11.4 

** “ fine (9) . . . 

b 

147. 

14. 

14.8 

0.8 

4.4 



IJ92 3//// Proihiris^ continued . 


Sfiinplo 





Phos. 


(No. of iinalyses Autlior 



Nitre- 

phoric 

Pet 

in partMit hoses). ify. 

Water. 

Ash. 

*ren. 

acid. 

ash. 

Buckwheat, hulls 

1 

119. 


4.‘) 

. 4 

a . 2 

“ C^) 

0 

132. 

22.3 

7. .3 

4.3 

14.7 

i i a 


132. 

oa 

7.4 



Brassica rapu ()h*ifo?*a (ih")) 

(1 

107.2 

77.. 3 

.■)2..3 

20. 

13. 

(hicao cake (a) 

(i 

100. 

81.3 

.30. 

32. 

2G. 

“ m 

0 

90. 

88.7) 

72.1 

43.3 

19. 

“ “ 

4 

77. 

78..") 

84.5 

40.1 

17.7) 

(’ocoa cake nr meal 

4 

127. 

a.3.3 

37.4 

13. 

19.G 

“ “ “ (7a) 

(1 

103. .1 

GO. 2 

32.8 

IG. 

24. 

(’orn, <M)l)s 

1 

120.9 

8.2 

7). 

.G 

G. 

“ meal 

1 

129.7) 

14.1 

15.8 

G.3 

4. 

“ “ 

4 

140. 

7). 9 

IG. 

2.7 

1.7 

“ ami <*()h meal 

1 

89. tJ 


14.1 

5.7 

4.7 

“ middlings, coar.se (la) 

(1 

130. 

19.4 

13.G 

4.4 

2.G 

“ ‘‘ flue (21) 

0 

17)2. 

14. 

15.1 

3. 

1.7 

“ .sprouts cake (2a2) 

(1 

114.3 

19.2 

2G.7) 

8. 

7). 

(’ottoii-seed cake, from unshelle<l 







seed ( HI ) 

<1 

118.G 

G3.H 

38.8 

25.8 

IG.l 

( V)(ton-st‘(‘d cake, from shelled 







seed (84) 

0 

8G.7) 

70.4 

70. G 

32.5 

15.8 

('ottou-seed cake 

4 

112. 

GO. 4 

G2.1 

.30.5 

15.8 

hulls (4) 

1 

104. 

2G. 

G.4 





1 

10G.3 

2G.1 

7.7) 

1.8 

10.8 

•• 

(I 

133. 

27. 

6.2 

4.3 

10.4 

“ meal 

1 

99. 

68.2 

GG.4 

2G.8 

17.9 

“ (142) 

(I 

88.2 

70.5 

G9. 

30.4. 

15.8 

drape pomace, fresh (2) 

G 

77)0. 

4.1 

9. 

.5 

2. 

“ “ fermented (4) 

G 

G77). 

15.G 

7.2 

2. 

7.8 

Gluten meal 

1 

87).9 

7.3 

50.3 

3.3 

.5 

Hemp-seed cake (3d) 

G 

120. 

79.7 

49. 

25.2 

14. 

Hominv feed 

1 

89.3 

22.1 

1G.3 

9.8 

4.9 

Hops, after hrewinj? (a) 

G 

109.4 

G4. 

24.5 

10.8 • 

4.G 

“ spent 

7 

77)5. 


10.8 

3.2 

4. 

Lentil, middlinj^s (1 ) 

G 

134. 

24. 

41.3 

G.5 

7.8 

Linseed cake 

4 

122. 

51.3 

47.2 

1G.2 

12.5 

•• •• (900) 

G 

no. 

G5.5 

45.8 

1G.2 

12.5 

“ meal, o. p 

2 

88.8 

G0.8 

54.3 

IG.G 

1.3.7 

“ “ “ 

G 

90. 

GO. 3 

52.1 

1G.2 

12.5 

** “ n. p 

1 

77.7 

53.7 

57.8 

18.3 

13.9 

*• ** “ (20) 

G 

no. 

G2.1 

56. 4 

17.4 

13.4 



Mill rn 

ularts. 

rnniiu iinl . 




Sajiipli' 





lOlDS 


(No. of aiiHlysi's 

.\ulho 



Nit ID 

lOlDll*’ 

I'oi 

in it,'irrnth«‘sfs). 

il.v. 

W.ti.r. 

Avl, 

C'li 

.’Dl.l 


Mall. j'nM*!). barley (h 

I 'l 

4:*;?.:. 

21. 

10,7 

2.t'» 

.'..2 

“ “ “ 

4 

i::.. 

\\.i\ 

10.1 

2.:{ 

2.2 

“ <lrv, barley 

4 

7.'». 

2.2. i; 

Iti. 

'.h.2 

1. 1 

“ (a) 

G 

120. 

28. .2 

1G.2 

4,2 

8.8 

“ .sprouts, barley 

1 

IH2.8 

124.8 

22,2 

M..2 

1G.:5 


4 

80. 

G7.G 

:5G.8 

18.2 

20.8 

“ (12K).. 

G 

120. 

7.2.1 

; 7 

17.4 

10 0 

“ “ wheat {'A)... 

<; 


Gl. 

IG, 

1G.2 

1,8.8 

“ “ corn (.'{) 

r. 

1.20. 

(i2. 

4ii.G 

1G.2 

18,7 

Masb, wheat, fresh (2) 

r. 

800., 2 

4.2 

.2.2 

1,0 

I,.'! 

“ “ <Irv (1 ) 

G 

120. 

87. 

42.0 

40.0 

27, 

“ rye, fresh (20) 

G 

’.ej. 

4.1 

2,7 

1,8 

1.2 

•• “ dry (22) 

(■» 

lor,. 

7.2. 

.27. 

:52.2 

22 1 

“ corn, fn*sh (8) 

r* 

oi:{.2 

4.»i 

.2.2 

10.2 

12.2 

•' “ <lrv (.")) 

<; 

04. 

41.2 

.27.1 

20. 1 

12.7 

“ p<»tato, fresh 

4 

o.'io. 

G.G 

l.G 

1..2 

.2. 

V^'^) 

G 

042. 

G.7 

l.H 

1.1 

2.4 

•• dry (2) 

G 

I2G.2 

1 17.8 

;5.2.2 

10.7 

18.1 

Middlinj''^, mixed, last ip 

iialit y 






(22) 

«; 

128. 

.22. 

22. «; 

12.2 

O.G 

Mi<ldlitiL^s, mixed, poorer iiualily 






(22) 

(; 

12.2. 

.2r>. 

22. G 

2G..2 

12. .2 

Millet, bran (2) 

G 

in»;. 

11.2. 

i . 

12.2 

12.. 2 

“ middliiiK^^ (2) 

G 

111. 

40. 

1 8.tl 

21.1 

‘ 8.0 

Molasses slump 

H 

020. 

14. 

2.2 

.1 

11. 

Oatm j^round 

1 

111.7 

.2:5.7 

18. t; 

7.7 

2.0 

“ l)ran (4) 



lin. 

82.8 

1.2.4 

2 . 2 

i . 1 

“ mhldlintrs, coarse (G) 

i\ 

100. 

G2. 

18.7 

22.2 

12..2 

“ nne(G)... 

G 

KMi. 

22. 

2<;. 1 

27. 

12.;5 

Oat hulls 

H 

140. 

:54.7 


l.G 

4.0 

Olive cake 

4 

1.28. 

27.8 

O.G 

2.2 

7.0 

Palfc'iiut cake 

4 

ion. 

2<;. 1 

22.0 

11. 

2. 

“ ((>00) 

i; 

104.2 

42,2 

2G.0 

11. 

2. 

Pea bran 

8 

140. 

22.7 


2.1 

10,2 

‘‘ meal 

1 

88 . .2 

2G.H 

.20.8 

8.2 

0.0 

“ hulls (.20) 

G 

12.2. 

27. 

22.4 

8.8 

10. 

middlings (7) 

li 

12.2. 

21. 

:57.i 

G.T) 

7.8 

Peanut cake, whole nut (24) 

G 

in. .2 

G2.2 

40.1 

12. 

18. 

“ “ shelled nut (2480).. G 

1(m;.g 

48.7 

7ti.2 

20. 

12. 

<4 

4 

104. 

.20.7 

7.J.G 

12.1 

12. 



394 Mill Products, coniinued. 

Sample Phoa- 

(No. of iinalyses Author- Xitro- phorio Pot- 

in parenthesoM). ity. Water. Ash. gen. arid. ash. 


Poppy aeo<l cake (190) 6 

“ ‘‘ “ 4 

Potato Hlump 8 

Rape cnko 4 

“ ‘‘ (r>oo) (» 

Rice bran 1 

“ (7) r» 

“ iniiblliii^H 4 

“ polish 1 

“ (187) G 

Rye Hour 1 

“ “ 4 

*• bran 1 

“ “ 4 

“ “ (290) 0 

mi(i<llinj^s 1 

(20) G 

Sesame cake (150) G 

. 4 

Soja bean cake (5) G 

Sugar beet, clarifying refuse 8 

“ “ inola.sses (95) G 

“ ‘‘ •• 4 

Sugar beet diffusion cuttings. 

after use, fresli (20) 6 

Sugar beet diffu.sion cuttings, 

after use, pressed (IG) G 

Sugar beet diffu.sion cuttings, 

after use, soured (95) G 

Sugar beet diffusitm cuttings, 

after use, dried (12) 6 

Sunflower seed cake (58) G 

“ •• “ 4 

Starch feed, glucose refu.se 1 

Walnut cake (4) 6 

“ 4 

Wheat flour 1 

“ “ 4 

bran 1 

•• coarse (93; G 


114.2 

112.1 

.58.2 

91.7 

23. 

115. 

77.4 

51. 

91.7 

23. 

948. 

5. 

l.G 

1. 

2.2 

119. 

57. 

.50.5 

20. 

13. 

100. 

79.4 

49.G 

20. 

13. 

102. 

129.4 

7.1 

2.9 

2.4 

102. 

129.4 

7.1 

2.9 

2.4 

100. 

.54.7 

19.1 

29.8 

G.l 

10.9. 

90. 

19.7 

26. 7 

7.1 

lOG. 

92. 

17.8 

27.7 

7.G 

142. 


1C.8 

8.5 

6.5 

142. 

1G.9 

IG.H 

8.2 

G,5 

125. 

4G. 

29.2 

22.8 

14. 

125. 

71.9 

29,2 

94.4 

19.4 

125, 

4G. 

29.2 

22.8 

14. 

125.4 

95.2 

18.4 

12.6 

8.1 

125. 

90. 

29,2 

12.3 

9.0 

98.2 

107.5 

(►0. 

92.7 

14.5 

111. 

99.8 

.58. G 

92.7 

14.5 

125.9 

59.5 

GG.2 

22, 

18. 

948. 

9.9 

.8 

.2 

.3 

207.5 

10G.2 

14. G 

.5 

.56.9 

172. 

82. G 

12.8 

.5 

58.7 

990. 

8.9 

1. 

.3 

) 

.04 

ft 

897.7 

5.8 

1.4 

.2 

.4 

885.2 

10.9 

1.8 

.4 

.6 

105.3 

GG.l 

12.5 

2.2 

3.1 

92.4 

G6.8 

55.5 

21.5 

• 11.7 

109. 

49.7 

59.7 

21.5 

11.7 

81. 


26.2 

2.9 

1.5 

113.7 

50.7 

49.1 

20.2 

15.3 

137. 

46.2 

55.3 

20.2 

1.5.3 

98.3 

12.2 

22.1 

5,7 

5.4 

120. 

11.2 

21.6 

5.G 

3.5 

117.4 

62.5 

26.7 

28.9 

16.1 

132. 

58. 

22.6 

2G.9 

15.2 



Mill Ptvihtvts, concluded, 39 .*) 

Sample Plum 

(No. of analyseK Author- phoric Pot. 

ill parentheses). Ity. Water. Ash. jfen. seid. ash. 


Wheat bran, fine (40) f> 

“ niiddlinjfs 1 

(24) ti 

XII. Roots and Tubers— 

Artichoke, .lenisuleiii 4 

“ “ m 0 

(’anaigrt? 8 

Beet, eoiinnon 4 

(:ii8) ti 

“ re«l 1 

“ yellow fodder 1 

Carrot 1 

“ 4 

“ (G:)) G 

(’liicory 4 

Kohlrlibe {lirasHtra najtna esur- 

hiitd) 4 

Kohlrllbe IfraHMica nnpuH 4'sar- 

Inif(i) (110) G 

Mangel- wurzel 1 

Parsnip (d) G 

Pot ito 1 

“ 4 

“ with 25 <lry matter (107). G 

“ 21% “ '• (5:i).. G 

“ 2G% “ (107). G 

“ :42% “ “ (Id).. G 

RufW-bagaa 1 

Succory 8 

Sugar beet 1 

“ “ 4 

“ '' ( 68 ) 6 

“ “ upp<»r part of root 4 

Turnips 1 

“ 4 

“ (52) i 


132. 

4 G . 

24.8 

26. 

13.9 

91.8 

2.3. 

2 G ..3 

9.5 

G .3 

126. 

27. 

22.8 

1.3.5 

7.4 



Lbs . 

In 1,000. 



8( K ). 

9.8 

3.2 

1.4 

4.7 

800. 

11.2 

2 .G 

1.4 

4.7 

«) G 7. 

13.7 

r ».2 

1.8 

5 .G 

8 M ». 

9.1 

1.8 

.8 

4.8 

880. 

10.7 

*} 

.8 

4.8 

877. .3 

11.3 

2.4 

.9 

4.4 

90 G . 

9.5 

1.9 

.9 

4.6 

897.9 

9.2 

1.5 

.9 

5.1 

850. 

8.2 

2 '> 

1.1 

3. 

870. 

10. 


.9 

2.6 

800. 

ti .7 

2.5 

.8 

2.6 

870. 

7.5 

2.1 

1.1 

3,5 

8 < 8. 

9.2 

2.4 

1. 

3.5 

872.9 

12.2 

1.9 

.9 

3.8 

832. 

10. 

1.8 

•» 

4.4 

80.3.4 

10.3 

2 2 

1.9 

6.2 

79.3. 

10. 

5.4 

1.9 

5.4 

797.5 

9.9 

2.1 

.7 

2.9 

750. 

9.5 

3.4 

1.6 

5.8 

750. 

11. 

.3.4 

1.6 

5.7 

790. 

9.3 

3.1 

1.3 

4.8 

740. 

11.2 

.3.. 3 

1.7 

5.9 

G 80. 

11. 

4. 

2. 

7.3 

891.3 

lO.G 

1.9 

1.2 

4.9 

800. 

6.7 

2.5 

.8 

2.6 

8 G 9.5 

10.4 

2.2 

1. 

4.8 

815. 

7.1 

1,6 

.9 

3.8 

820. 

8.1 

2.1 

.8 

3.7 

840. 

9.6 

2. 

1.2 

2.8 

894.9 

10.1 

1.8 

1. 

3.9 

920. 

6.4 

1.8 

.8 

2.9 

907^ 

8. 

1.9 

9 

3.4 



396 IS^eds and *SVr</- 

dih' 

Fruits. 



XIII. Seeds and Seed-Ilke Fruits— 

Lbs. 

in 1,000. 



Sarnplo 


_ 


lOios- 


(No. of aiiiily.sos Author- 


Nitre- 

pheric 

Pot 

111 pjirciithosrs). ify. 

Water. 

Ash. 

iteli. 

achl. 

nsli. 

Acorns, unsliclltMi, frosh (12) (1 

500. 

11.7 

5.4 

1.0 

7. 

“ “ “ 4 

5.5:1. 

0.8 

4. 

1.5 

o.:{ 

Acorns, iinshcllcd, purtiiilly ilriiMl 






(y2) r, 

:{.50. 

15.:{ 

6.0 

2.1 

0.1 

Ai'orns, unslicllod, (Iricil (12),... (5 

150. 

20. 

0. 

2.7 

11.0 

sli.*llc(l, fresh (8) <i 

:i.5o. 

10.5 

7.0 

2.6 

0.3 

“ “ dritsl (8) (i 

150. 

2.5 . 5 

10.4 

;l4 

12.8 

Hurley (10) 1 

100. 

21. 

10.8 



“ 1 

140. 


i7.(; 

8.2 

5.4 

“ •) 

i;i8. 

22. 

17.0 



“ (1128) <; 

I4:i. 

24.8 

15.1 

7.9 

4.8 

“ sprint; ^ 4 

Mil. 

22.3 

10. 

7.8 

4.7 

“ winter 4 

145. 

17. 

10. 

5.6 

2.8 

Hean, tie hi . 4 

145. 

.31. 

40.8 

12.1 

12.9 

• • .) 

141. 

31. 

40.2 



“ (H7) 0 

14;i. 

31.8 

40.7 

12. 

12.9 

“ pirdeii 4 

150. 

27.4 

;(0. 

9.7 

12.1 

“ (20) t; 

140. 

3(;. 

:((;.4 

9.8 

12.2 

“ soja (8) 1 

108. 

47. 

54.4 



“ “ 1 

I8:i.:i 

40.0 

53. 

18.7 

19.9 

“ 4 

100. 

28.3 

.53.4 

10.4 

12.6 

“ yellow (2:i).^ 0 

100. 

51.3 

52.9 

10.4 

12.6 

•* •• brown (11) 0 

100. 

48.5 

52.2 

10.4 

12.6 

“ “ black (">) () 

112. 

47.3 

54.4 

10.2 

12.4 

“ niixt'cl (r)8) 0 

100. 

48. 

55.1 

10.4 

12.6 

Heech, European {Fmjus sifl- 






V(ttir(t) 4 

150. 

27. 

23.5 

6.3 

8.3 

Beech, European (/’«/</ i/.s* st/l- 






vatira) (d) (J 

111. 

41.8 

21.3 

4.7 

5.2 

Beet, mangel ( lie (a vulgaris) .... 4 

140. 

48.8 


7.6 

9.1 

“ “ “ “ (0). 0 

i:io. 

60.4 

19.1 

7.6 

9. 

Buckwheat (8) 1 

120. 

20. 

16. 



“ 1 

141. 


14.4 

4.4 

2.1 

“ 4 

140. 

11.8 

14.4 

5.7 

2.7 

•• •} 

i:n. 

18. 

16.2 



(20) (> 

141. 

27.7 

18.1 

G.9 

3. 

Caraway {Carum Carui) 4 

130. 

46.4 


11.3 

12.2 

Carrot (Daueus Carota) 4 

120. 

74.8 


11.8 

14.3 



Stnis, fir. 

. ( ((Kfimn (1 . 




Sainjtlo 







(No. <»f Autlu^r 


.S' it ro 

Ii)niri<’ 

Pot 

m iiarcT)! • 

ity. 

Water. 

A.sh. 

i:<'a 

arid 

Hsll 

Castor pomace 


7.04 


0. 

1.07 

.:'v4 

Chestnut, horse, common {A^seu- 







(ns IJ 1 s(n nn tn) Mrird 







atul slH ll. ci ( 1(1) 

('• 

10.'., 


I 1.7 

4.7 

12.7 

Chrstiiul. li(»rs«‘ [.h's<‘n(ns Ilift 







finrnstaiinnt) fn*«*h 

1 


12. 

0.0 

2.7 

7.1 

('liin)ry {( 'irhori n nt ! nt tfUns ) . . . . 

1 

i:to. 

71.0 


10.7 

ti.7 

(’lover, re<l 

4 

1.70. 

'AS. A 

:?o..7 

14.7 

14.7 

wliite 

4 

l.'.O. 

AA.H 


11.0 

12.4 

Cocoa-iiut 

4 

10(i. 

'.0 7 

H.H 

1.7 

4.4 

( 'oriaudrr 'itf-iinni i nm sntirmn) 

4 

1.4.7. 

41.2 


7.ti 

14,7 

( 'ottoii 

s 

77. 

AA.H 

40.7 

10.7 

10.0 

Fennel { Fanirithini nfjiii no (• ) , , , 

4 

IH# 

till 


10. 1 

1 0.0 

Flax, false {(\ihnlih<i siifii-n) (."o 

(i 

77. 

74.1 

.4S..4 

20.4 

;{.7 

( i rape 

h 

no. 

22. / 

1!». 

/ . 

ti.O 

Hemp (('nunnhis snftrn) 

1 

122. 

Hi. 4 

20.1 

Hi.O 

:».4 

“ ‘ ' ■ ■ ( "» ) 

0 

so. 

12.1 


17.7 

0.7 

lamtil, eoinmon, <»f Fnrop*- ( Lms 







rsrn h tiffi ) 

2 

127. 

2s. 

4S.1 



la-ntil, eoinmon, of Furope (I,t ns 







f sruh iifn) (14) 

0 

MO. 

20 . s 

40.7 

7,7 

s.t; 

Linseed {Linntn fisifttfissimnm) . . 

4 

IIH. 

.42.0 

.'{2.S 

i;{..7 

10. 


2 

IlH. 

.u. 

41.7 



(.V») 

0 

02. 

4.4. 

.40.1 

1.4.0 

io.:{ 

I^npine i f,n pi H n s la(rns) yellow.. 

2 

I2H. 

.47. 

.70.0 



(H) 

(i 

140. 

.4S.I 

01.2 

14.1 

1 L.'l 

■* ( />. nngusti f'Jin.s) Idm*... 

2 

1.70. 

■ja 

41. K 




(i 

140. 

20. 

47.2 

i;{,8 

11.2 

•• ( L. a Urns I white (10) 

<i 

140. 

.40.4 

47.4 

14. K 

11.2 

i fj. h trsutu.s } (a) 

0 

140. 

27.4 

lO.K 

12.0 

10. ;i 



4 

I.IO. 

.47. 

.70.0 

14.2 

11.4 

minus alkaloid 

0 

.T27. 

11. 

.70.7 

.7.1 

4.1 

Ma<lia sativa (4) 

<; 

7.7. 

42.7 

.41. 

17.0 

0.4 

•• •* 

a 

M4. 

47. 

44. 



Maize ( Indian eorn). dent (H(i ... 

1 

100. 

1.7. 

10.4 



(141»j... 


FfO. 

14. h 

10. 

7.7 

.4.7 

•• •• flint (hs) 

1 

ll.d. 

14. 

lO.H 



“ (M).... 

(i 

I.’U). 

M. 

10.4 

7.7 

4.7 

“ “ •* sweet (‘Jd). . . 

1 

KS. 

10. 

18.0 



CT-.- 

fi 

1.40. 

18.2 

18.4 

5.7 

.4.7 



.398 


tioedx, etc., cottiimml. 


Sample Phos- 

(No. of analyses Author- Nitro- phoric Pot- 

in parentheses). ity Water Ash. gen. acid. ash. 


Maiie (Indian corn), pop (4j 1 

Maize (Indian corn), dent, fleid 

cured (17) 1 

Maize (Indian corn), dint, field 

cured (48) 1 

Maize (208) 1 

“ 1 

“ 4 

“ 5 

“ (300) 6 

Millet, common {Panicum mili- 

arenm) 1 

Millet, common {Panic%n rnili- 

aceum) 4 

Millet, common {Panicum mili- 

aceum) 2 

Millet, common {Panicum mili- 
aceupn) (0) 0 


Millet, Japane.se (Setaria ffalica 

vars.) 

Millet (^ic^arirt rtalica) 

Mustard 

Mustard, black {Prassica nigra) 

( 11 ) 

Mustard, white {B. alba) (6) 

Oats (30) 


“ (560) 

“ hulled (180) 

Pea {Lathy ms sativus) (4) 


Ppas 


“ ( 118 ) 

cow (5) 

Poppy, opium {Papaver somnif- 
erum ) 


107. 

1.5. 

17.9 



,342. 

9. 

10. 



271. 

13. 

12.8 



109. 

15. 

16.8 



108.8 

15.3 

18.2 

7. 

4. 

144. 

12.4 

16. 

5.7 

3.7 

127. 

17. 

17. 



130. 

13. 

15.8 

5.7 

3.7 

126.8 


20.4 

8.5 

.3.6 

140. 

29.5 

20.3 

6.5 

.3.3 

13.'). 

.30. 

20.3 



125. 

,38.2 

17. 

5.9 

3.4 

136.8 


17.3 

6.9 

3.8 

124. 

33. 

16. 



1.30. 

.36.5 


14.6 

5.9 

63. 

.50.2 

44.1 

15.7 

6.4 

. 72. 

4.3.6 

43.5 

15.6 

6.3 

no . 

.30. 

18.8 



181.7 

29.8 

20.6 

8.2 

6.2 

14.3. 

26.7 

17.6 

6.8 

4.8 

137. 

27. 

19.2 



1.33. 

31. 

16.5 

6.9 

4.8 

120. 

20.3 

21.6 

8.8 

5. 1 

140. 

27.8 

.38. 

4.7 

9.7 

116. 

29. 

40. 



143. 

23.4 

.35.8 

8.4 

10.1 

1.32. 

24. 

• 35.8 



140. 

28.1 

36. 

8.4 

10.1 

148. 

32. 

33.3 



147. 

51.5 

28. 

16.2 

7. 



Nm/x, riv., cdiitinuffl . .‘i99 

Sample Phnu 

(No. of annlyRes Author Vitro- plioric Pot 

in paronthpsM). ity. Wntrr. ifoii. a.’l.l, «i»h. 


Poppy, opium { Pa paver HotHuif- 

a 

FVanut (Ararhi.f ft y potjira ) (0)... (I 

“ “ “ 4 

Hap« {liras ft tea yapas ole if 

era J>C.) 4 

Kapo {lirassiea ytipiiH oleif 

era DC.) (22) i\ 

Hapo {lirassiea liajai oleif 

era DC.) (13) i\ 

Hapo {llrttsslea Jiapa oleif 

era DC.) j<hort roumoii viir. ... 4 

Hapo {Ifaphamts salivas oleif 

eras) (2) t» 

Hioo (10) 1 

] 

*• *9 

“ (4!) (•» 

“ not liulltMl 2 

HutahajJTH S 

Ryo (0) 1 

“ 1 

“ 2 

(257) h 

“ sprin)^ 4 

“ wintor . 4 

Sainfoin, enpari^otto ((htohryrhis 
sativn) 4 


Serradella ((>r»i/(/iio/jux sttlivas).. 4 

i. .. .« •> 

“ •• “ (7) 0 

Seaame (iSV/famum orirnlalr\ (12» 0 


Sorghum (10) 1 

“ 1 

4 

•• Kaocharatum (38) <» 

“ Tataricura (6) 

“ rulgare (12) 6 

“ sacebaratum Pers 4 

Spelt 2 


SI. 

72.. 3 

.31.2 


7.5 

7<). 

28.3 

47..'> ' 

10. 

8. 

t;:i. 

;r2. 

4.V 1 

12.4 

12.7 

llh. 

.3!l.2 

31.2 

n;.o 

9.0 


42. 1 

31.7 

17.4 

10.1 

7K. 

38.1 

32.8 

I.-..: 

9.2 

!2t». 

34.0 

30. K 

14.9 

7.7 


3.'.. 7 

34, 

14.0 

9.2 

124. 

4. 

11.8 



120. 

8.2 

10.8 

1.8 

.9 

1.32. 

7, 

13.8 



120. 

8.2 

10.8 

1.8 

.9 

Ho. 

4. 

8. 



140. 

48. H 


7.0 

9.1 

no. 

10. 

10.9 



140. 


1 7.0 

8.2 

5.4 

14.3. 

18. 

18,2 



134. 

10.8 

18.3 

8.6 

.5.8 

143. 

18, 


9.2 

0.2 

143. 

17.U 

17. ♦; 

8|^ 

5.8 

100. 

38.4 


9.2 

11. 

120. 

28.4 

.34.9 

7.8 

8.2 

87. 

.34. 

35.2 



140. 

31. 

.34.3 

i . t 

8. 

.55. 

W.7 

.32.5 

17. 

8. 

128. 

21. 

14.0 



140. 


14.8 

8.1 

4.2 

140. 

10. 


8.1 

3..3 

1.52, 

17.1 

14.8 

8.1 

3.2 

111. 

24.2 

15.3 

0. 

3.6 

114.0 

19.5 

14.3 

8.4 

.3.4 

140. 

23.4 


5.8 

3.5 

121. 

.30. 

17.0 





4(10 


•Sm/.s, etc., eonri tided. 


Sample Phos* 


(No. of analyses Author- 


Nil re- 

phoric, 

Pot- 

in paronthoaea). ity. 

Water. 


Ken. 

acid. 

ash. 

Spelt , with husk 

4 

MH. 

30.0 

10.0 

7.0 

5.7 

“ “ (11) 

0 

137. 

23.4 

17.4 

7.0 

5.7 

‘‘ without husk 

4 

143. 

14.4 

22. 

0.5 

4.3 

“ ‘‘ (<») 

0 

139. 

18.4 

22.2 

li.5 

4.3 

Spurry ( Speri/nhi <trr('nsii<) 

o 

103. 

34. 

22.4 



“ (:i).. 

ti 

103. 

34. 

22.4 

7 *’ 

3.0 

Sunrtower (//e/jVnj/yiM.s annuus) (.1) 

0 

To. 

34.4 

22.8 

12.2 

5.0 

Turnips 

8 

12:.. 

34.0 

34. 

14. 

7.0 

Vetch, kidiK'y (AtiflnjUia rithie- 







raria) 

4 

04. 

30.8 


13.0 

12.1 

Vetch, or taro { Vida fiatim) 

4 

143. 

20.0 

44. 

9.9 

8. 

.< <( (( a u 

») 

1.30. 

27. 

44. 



“ “ “ “ “ (Id). 

0 

1.3.3. 

32.3 

40.0 

0.0 

8.1 

Vetch, Russian, or hairy (Viria 







villos(i) (4) 

0 

100. 

30.2 

37. 

0,0 

8.4 

Walnut, kernel 

4 

4:>o. 

11.7 


5.1 

3.6 

Wheat (lliriS) 

<) 

1.34. 

17.1 

10.3 

8.7 

5.5 

“ 

•> 

143. 

17. 

21.1 



“ hard-j'lassy (2:i0) 

0 

1.34. 

17.0 

20.2 

H.7 

5.5 

soft (MO) 

0 

1.34. 

17.8 

18.2 

8.7 

5.5 

“ spring (12) 

1 

104. 

10. 

20. 





1 

143..") 

1.3.7 

23. t; 

7 

3.9 



4 

143. 

18.3 

20.5 

0. 

5.0 

•• (132) 

0 

134. 

10.4 

21.2 

9.1 

5.6 

winter (202) 

1 

^ 10.'.. 

18. 

18.8 



•• “ 

1 

147.."> 


23.0 

8.9 

6.1 

“ “ 

4 

144. 

10.8 

20.8 

7.9 

5.2 

•• “ (788) 

6 

134. 

18.2 

18.7 

8. 

6.3 

XIV. stpaw- 



\.hs. 

in 1.000. 



Barlev 

1 

114.4 

53. 

13.1 

3. 

20.9 

“ 

4 

143. 

45.0 

6.4 

1.9 

10.7 

“ 

2 

143. 

44. 

5.4 



(101) 

0 

142. 

57.4 

5,5 

*) 

10.6 

spring 

r 

143. 

41. 

5.0 



“ winter 

5 

143. 

55. 

5.3 



Bean, fleki 

4 

100. 

44.9 

16.3 

2.9 

19.4 

“ “ 

o 

17.3. 

58. 

15.8 



“ “ (9) 

6 

184, 

54.3 

13. 

2.7 

18.7 



Sfnar, ran fi mini. 


Santi')'' 




I'l.es 


(N'o. (if arialv'^r'i .\iillii 

r 


Nitre 

llllerii* 

pet 

in p.inMitln'scs>. jiy 

NVrioi 

Ash 

cell . 

leM.l 

ash. 

]U*an. 1U‘I»1 r» 

!<•(). 

Iti. 




“ ;^nnh-n 4 

ni<i. 

|o.‘J 



12 K 

1 1 > 1 1 » 

lot*. 

7.",. 

l.'I.H 


i;t. 


i:.n. 

ti:.’. 

ii.j 



•• -‘Ja I 

l.tu. 


17.'. 

1. 

l,'t.2 

•• 1 

1 »(». 

:!2.7 

l.'i.I 

;!.i 

.■). 

“ J 

II2. 

]2. t 

i;,'.7. 



•‘ ( lO) i; 


Iitl ,s 

II..S 

2 0 

•l.H 

“ 

I.'.o. 

lo-j. 

10.7 



(’Ntvcr, f«>r L' 



14.7 



“ :► 



17., 



“ r*‘'l <'i 

I.V.. 


11,7 

12 

12.0 

Lfiitil, coiumdii, <»f J!in-«»)>d ( !.< n.< 






t'Sritlnthl ) 1? 

i:.". 

( it I . 

2:.’. 1 



Lentil, cotmiidii, of Knrope 






rsruhiif't) (L’j 

i:-o. 

C.s. 1 


;’.7 

o.:t 

Lentil, coninion, of Lnr<-; e { A. //s 






nf<n •’* 

It.O. 


L’..’. 1 



Lupine »)!/.•< /nit ns) 1 

hit*. 



2.7, 

L.7 

•• •• “ L' 

12*',. 

:',x. 




(14) <; 

i:.«t. 


lo.h 

2.:, 

17.9 



Kio. 

41. 

'.♦.1 



(>:.t^ (12) I 

'.fj . 

:>L 

1 



1 


4 7.«i 

li.'.! 

2. 

12.1 

•• 4 

1 1::. 

til.ii 

.'..0 

2.H 

10. t 

•• . 2 

1 1;:. 

n. 

«; 1 



' ‘ ( Tm) a 

1 1:.. 

7)7. 

l.ti 

2.^ 

17.7 

“ r, 

1 1:;. 

1(1. 

t). 1 



Tea 4 

ICO. 

4.:, 1 

10.4 


0,9 

• • 

n;;, 

r.». 

11.7 



CiiL (» 


(»(i. 

!l;{ 


10.2 

.i r, 

Mio. 

47.. 

10.4 



Po{)|;y, opium {]*a int mr unmnij- 






rrum) 4 

]»;<>. 



i.t; 


l*oppy, opium {pnjKirt r ttntnni f- 






erum) (2) 


>'7. .'I 

1>.7 

L»; 

1K4 

Poppy, opium {Pnpnrrr anwiiif 






erum) •* 


94. 

10.7 



Rape yapus ohifmt). 4 


4l:{ 


2.:> 

IL.'l 

a <( it a , . 2 

ir>o. 

r>:{. 

r>.H 




AA 
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Striiir, roiirliKhd , 


Sainplp 




Phos- 


(No. of analysos Author- 


Nitro- 

phoric 

Pot- 

In paronthesea). ity. 

VVat<M-. 

Ash. 

Ken. 

arid. 

ash. 

lisippi{Hr<tsnir<i Xapus otei feni) (2) (i 

IGO, 

47.8 

4. 

2.. 7 

■il.2 

“ ‘ ‘ “ “ . . r» 

KiO. 

41. 

.7.t; 



Rico (7) r» 

i:{2. 

104.4 

8.8 

2.6 

5.4 

“ f) 

i.-ih. 

1.74. 

9.1 



Hvo (7) I 

71. 

42. 

4.8 



“ 1 

7<‘». 1 

42.. 7 

4.6 

2.8 

7.0 

‘ ‘ 2 

14:1. 

11. 

4.8 



“ (H7) (J 

Khi. 

4 1.. 7 

4.0 

*J . T) 

8.(i 

“ spring; 4 

i4:h 

"v? 

.7.6 

2.8 

11.7 

“ winter 4 

1 hi. 

48.2 

4. 

2.5 

8.6 

“ 7 

14.4. 

41. 

4.8 



Spelt 2 

14.4. 

72 . 

.'{.7 



“ (2) h 

l.")0. 

.78. 1 

1.4 

2 . .7 

.7.2 

winter 4 

144. 

.70.1 

4. 

2.»i 

.7.2 

•• “ .7 

1 hi. 

.70. 

4. 



Vetelt, Ru.ssitin or hairy ( I'tVor 






villosa) {‘.\i t» 

1.70. 

41.S 

10.!) 

2.7 

6.4 

Vetch, Rnasiun or hairy [ T/r/o 






vUloX(i) 

114. 

48. 

0.0 



Vetch (r/cia 4 

ii;o. 

44.1 

12. 

‘) y 

6.4 

‘‘ “ 2 

144. 

»;o. 

11.2 



(7) r. 

1.44. 

.72.0 

14.4 

i) y 

6.5 

*• “ *• r> 

IhO. 

4.7. 

12. 



Wheat, winter 4 

144. 

16. 

1.8 

*) O 

6.4 

“ “ 5 

144. 

hi. 

4.8 



spring 4 

144. 

48.1 

.7.6 


11. 

(7) 1 

IMi. 

42. 

.7.4 



“ “ 1 

1 '2.7.0 

48. 1 

.7.0 

1.2 

.7.1 

“ “ 2 

144. 

40. 

7. 



“ “ (80) « 

146. 

oil. 

6. 

2.4 

6.4 

XV. Vegetables— 


Lbs. 

in 1,000. 



Artichoke 4 

811. 


10.1 

4.9 

2.4 

Asparagus 1 

')39.r. 

r».7 

2.0 

.8 

2.9 

“ 4 

044. 

5. 

4.2 

.9 

1.2 

Beaus, Auziiki 1 

158.6 

4.7.4 

42.0 

9.5 

15.1 

“ Lima 1 

684.6 

16.9 




string 1 

872.4 

7.6 




Beets, red 1 

884.7 

10.4 

2.4 

.9 

4.4 



1 ( (ji iithh ,s, < tHtclinh (I . 


40:^ 


Sample 

(N’o. of annlyneH 

\ Ilf hor 


N'ifnt 

PhoR 

phoric 

P(.t 

in parenthe.ses). 

i!\ 

NVrtto r 

Ash. 


Hfid 

iiKh 

( 'abhago 


\m.'2 

14. 

2. S 

1.1 

4.:{ 

(’arrots 



10.2 

l.ii 

.P 

.'.,1 

(’nulitlowcr 


POH.J 

S. 1 

i,;i 

I.fi 

;t.fi 




POP 

s. 

1. 

I.fi 

:{.fi 

( 'elerv 


MI. 

17.fi 

2.1 

■) M 

7.fi 

( ’hi VOS 

1 

h'JO. 

!».!> 

ti.2 

1.:. 


<'liorof.ci tu))or 


7s!». 

10. p 

4.1 

IP 

fi. 1 

Corn, swoof, koriH'Is 

I 

SL’l.l 

.“».!• 

t.i; 

.7 

2. 1 

Cucunibor 

1 

!C*P.P 

I.fi 

I.fi 

1.2 

2.4 

*' 


IPiO. 

.'i.M 

I.fi 

1 2 

2.4 

( tarlif', tnbor . . . .• 


s7fi. 

S. 1 

1.7. 

1.4 

2.f) 

‘‘ l(‘UV(*s 

1 

pos. 

7.fl 

;t.i 

.fi 

:{.i 

Jlorso-radisli 

1 

7fH»,s 

is. 7 

.P.fi 

.7 

ii.fi 

•• •• 


7t;7, 

IP, 7 


2. 

7.7 

l/oftnc«', Koniari 



!f.h 

•) 

1.1 

2.7 

“ wliob* ]tlaMl 

1 

!>.'{<;. K 

Kl.l 

2.;! 

.7 

2.7 

“ 

1 

PI.'!, 

lo.;i 

2,2 

I. 

;i.p 


1 

!M0. 

H, 1 


.7 

.1.7 

K'«ihl-rabi 

1 

!M0.H 

12.7 

l.s 

2. 7 

4.:{ 

•• 

J 

Mfi. 

I2.;i 


•) 7 

4.:{ 

.Mush room 

i 

hhS. 

10. 

1.7 

:i.i 

7.1 

Onion 

I 

^7.'•..'> 

.7.7 

1.1 

.4 

1. 

“ 

1 

HiO. 

7,1 

2.7 

i.;{ 

2.7 

Parsnip 

1 

KUP. 1 

lo.lf 

2.2 

i.p 

0.2 

IVas 

1 

120.1’ 

.'{I. I 

.{.7.H 

h.4 

10. 1 

Pumpkin 

1 

UTJ,7 

fi.;{ 

I.l 

l.r, 

.p 

“ 

4 

!M>0. 

i.i 

l.I 

I.fi 

.p 

Ra^lish 

1 

P.'JP. 

4.P 

1.9 

. ,1 

1.0 

Rhubarb, sfoms ami b avos 

1 

7 

17.2 

i.:{ 

.2 

:{.o 

Spinach 

1 

P24.2 

19.1 

1.9 

I.fi 

2. 7 

“ 

4 

POP. 

Pi. 

l.p 

1.0 

•) 7 

Sweet potato 

1 

729.0 

9..', 

2.:{ 

1. 

.7, 

“ 

4 

jrtH. 

7.4 

‘> 

.8 

:i,7 

“ “ 

1 

712.0 

10. 

2.4 

.8 

:i.7 

Tomato 

1 

p;{f;.4 

4.7 

I.fi 

.7 

2.7 

Turnip 

1 

P04.<i 

H. 

l.H 

1. 

.2,9 

Note.— B y moving decimal iK»ints 

one 

plai'o fo 

the 1 

left, the 

reader 

may 


make the figures express percentages. 




APPKNDIX H. 


A'o/'A'x 111 nil-: .si:i'(iM> Emnns. 

SiiKM* (’liaplcr IV. was writfrri, i iitcic.st lias licm 

sliown in tin* (Miit ivat ion <»f’ fin* sii>.riir IhtI. in this 

hraiK'h of a^ricnlt iiro is so <lojn*n<lcnf njM»n a I’onl iniious ami 
full sujtjily of nioistuio, tliat tho siilijrcl of proviilin;,^ ami <'oii 
survinj' it takos <»n a m \v ami a<l<l*(i intoK st. 

All writers on sii^uir heet enifure i eiMininieml tjeep prepara 
lion of the s<m1 for tliis <*rop, not ahuio «ieep ordinary plowintr, 
hut suhsoilin^; that is, looseniri;^^ the soil hy Itotli opi-rations 
to the depth of tweha^ or more irndn-s. The reason usually 
I'iven for tliis deejt tillage is, that tlie heel tends tr» ;/iow out 
of the ^^round if the tap-i’o<(t rea<dies a haid subsoil h< f<»r«‘ the 
Imm'I lias extmided its tap-root full h*n;/th. All this is true, and 
it is also a fa<‘t that that part (d' the her! which is exposed In 
the direi't rays of tin* sun, or, that above p'round, has not only 
a less jier <'ent of su^mr than the part underground, but al>o 
contains a pa-ater per cent of iinjuirities whicli arrest, tlie crys 
tallization of what su^^ar may Im* jtresent in the ex]»f)sed crowns; 
therefore the land d#‘si^^ned for be*ets should be broken up and 
looseiK'd by the action of tin* subsoiler, wliich sliould imnn* 
diately f<dlo\v the ordinary |)low. Itiit it may easily happroi 
that tlie siibsoilin^ may do jiositixa* injury to tin*, succeeding' 
crop. While <leep jua-paratory tillatrc may, and usually <loes, 
allow the root to «les<‘end easily, subsoilintr, if not performed 
at the proper time, or if it is ind followed by suitable surfat'c 
tillage, often arrests capillary action by leavirif' tin* subsurfacri 
soil, — or that xvhi<'h has been looseind by tin* subsoihr,— sfj 
porous and non-compacted as to arrest enerf'ctic capillary 
action. The fact is, that deep and thorou^di preparation of the 



406 


Appendix B, 


land Hets free or makes available ])lant-food, and may also in- 
erease the moisture-storing capacity of the soil. In some cases, 
suhsoiiin^ may <limininish the capa<‘ity of the subsurface soil 
to hold moisture or to lift it to the surfa<*e soil, as in <*ase of a 
subsoil alr»*ady j)orf)us enough or tj)o ]>orous. 

It, then, t)n» subsoil needs to be loosened for the ])urpoHe 
of liberating ])lant-food and for f^ivin^.^ root easy passage 
downward, as it does in i||pst cas<‘s, unusual care should be 
taken to have tlm subsurface soil so com])acted before the roots 
reach it that it will be fitted in the highest degree both for 
retaining moisture and for lifting it towards the surface. If the 
subsoiling is done in the (uirly fall, the winter rains and frosts 
will lit this subsurfa<*e soil for highest efticiency. If the sub- 
soiling is deferred until spring, it will recpiire some judgment 
to discover Just how much ti’amping of the teams and pressure 
of the im{)leim‘nts will be necessary to suitably compact the 
soil loosened by the subsoiler. 

The sugar beet re<{uires a fairly full and continuous supply 
of moisture throughout the entire growing S(*ason, for if the beet 
sulTers seriously from la<*k of moisture in the mid-career of its 
growth, it will tend to ripen, and many of the leaves will fall 
otf. Later, when the ^September rains occur, it may make a 
second growth, and beets which contained from l‘J to lo j)er 
cent of sugar at the close of August may be so far depleted of 
their sugar content by this second growth as to contain but 
8 to 10 ])er cent by the first day of October. It will be 
seen how necessary it is to keep the beets fully and continu- 
ously su])plied with moisture until the normal season of ripen- 
5’*^ approaches. It is not enough to simply deepen the soil and 
increase its moisture-holding capacity: the moisture should, so 
far as possible, be conserved. The tramping and compacting 
of the surface soil by the w’orkmen, when weeding and thinning, 
restores the capillarity of the surface soil, and there is great 
loss of moisture unless the earth-mulch is speedily restored by 
surface tillage. Then, too, neglect to preserve the earth-mulch 
until late in the season may result in premature ripening and a 
second growth, which is so destructive to the quality of the beet. 



of Su(f(ir ihffs. 


M)7 


Whnt lins Ihmmi Kin<l as !o l<)ss<*s wliirli may in 

culturo l>y to roiis<‘rv«* moist uro in a <lry tinn‘, is imais- 

iira]>ly triio wlmn ap|»li«Ml to otlior iiit«T- 1 illoil crops. Mani- 
festly, plants cannot arrive at. their maximnm <ieve|npment if, 
for <*onsi<lcrahle periods of time, they suffer ft»r a full supply 
<»f moist un‘, thon^^h the iami may have* Iteeii prepanai in the 
host manner, |'o<»<l siaai nse<l, ami the soil fully suppliiai with 
availalilo j)lant -foo<l. 'Pliere is m) ^ifticient. vehi(‘h< tf) <Mirry the 
nutrinnoit. into the plant. Therefore, f<M) much care cannot la* 
taken to conservr* moisture in our mratic climate. 

Tln^ following; hrief extracts ^ove in clear lan^nat<fe the 
science of (Mipillary attraction as applital to soil moisture:* 

After tfravity has rejnove<l the surplus of fraa'i wat<*r Im 5 - 
yoml the /om* of j>lant roots, then what, remains is largely 
within the control of the tiller of the soil. Tlu^ product, of the 
season on a fertile* soil is lartcely the jneasuic of his use of this 
woiter supply and tlie ]>er cent he <-an mak«* availahle to th«* 

growing crop Hut why should water in a half-satu- 

rated soil rise to the surfa<'e and be thus ex]*osed to loss by 
evajjoration ? It gravity cannot oven*ome the adln*siv<» forco of 
the ex[)osed s<ul-^rain surfaces and <*airy it down, what power 
lifts it upf If water will not descend from a half-saturated soil 
into <lry soil btoieath, what causes it toascen<rf When the soil 
is fully saturated, gravity <'ontrolH ajid tlm movement of water 
is downw.anl only. (Iravity is the important fa<*for in remov- 
ing the free water in a jM-rvious soil. When the moisture con- 
tent is ri'duced to one-fourth saturation, the movement of water 
practically ceases lietween these twa) p<»ints, and esjiecially be- 
tween half and (piarter saturation, the movement may be in 
any direction, surface tension being the motive power. There 
are two important factors in the movoonent of soil water aft^r 
drainage has ceased. One, the thi<'kn('ss of the water films 
spread over the soil-grains. The other, their continuity. The 
exposed surfaces in a cubic foot of clay loam soil should, if 
laid out flat, cover nearly an acre of gioniid. A fine division 
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iiiul iinil’orni iirrjiri^ciiuMil. of tlio soil purticles iiicn*aso tho 
aniouiit of HurfjKH', and hcina* tho (juantity of water each foot 
will retain. If a broad rubber band is slipped over a marble 
and pulled with a f^cudle pressure, the marbh* will reprt*sent 
tin' soil-j^rain ami the rubber band the liliu of moisture ad- 
hering' to it. Streteh the rubber band to its fulh'st limit, its 
thiekness is diminished, its tension inenuised; as the ]uill on the 
rubber band is shiekene(l it Jjeeonu'S thicker, and is linally re- 
stoiaal to its normal condition. When the rubber baml is 
thl<*kest it has tlm hsast ^rip on the marble; as it beconn*s 
thinner by st r(‘t(diin^, its tension or ^rip on the marble is in- 
cr(‘as(al. In a similar way the water adheres to the soil-drains 
with least, forci' when tin' lilm is thickest and the surface ex- 
pos(‘d to tln^ air is huist, and with d*‘<*Jd<‘st force when the film 
is thinnest and the surface exposed to the air is di’^^'itest. When 
tlu' film is thinnest its strain or tension is di*<‘!d<^st, and it is this 
strain or force that mov(*s tht' water from the poiiit in the soil 
where the films are thi('kest to tin' ]>oint in tin* soil where 
they are thinnest till the iiilTerem*es are adjusted. This 
movement has a limitation not yet ch*arly determined, but the 
thick films are more elastic, than tin' thin ones, and will move 
more readily — that is to say — the movement from soil ‘Jo j)er 
cent moist into a<ljoinind soil Jt) })er c(‘nt moist will be 
mori' free ami rapid than when the 4litTerences art* JO and 
IT) per c(*nt. 'Phe fn‘e<lom of movement is ]>robably in pro- 
poi’tion to tin* dilTerence in moisture content down to the point 
when* tin* film is most attenuated, but still unbroken. Wln*n 
the lilm breaks, movement ceases. It is like a broken electric 
current.’’ 

riiU\f-food nsnl Inj the .v/o/nr heet crap . — The following fig- 
ures relative to tho plant -food used by tho beet crop are based 
upon work done at tho Cornell fbxperiment Station, and reported 
in Bulletin No. 143, pp. 570 572: 



Nitrogen, i^otash. 

Phosphoric 

Water, 




acid, ^ 

f 

'rriinnuHl lH*ets 

2.S 

M 

.11 

79.6 

SujfHr l>fH»t crowii.s 

4;{ 

a:* 

.12 

79.7 

Siujur l)eet leaves 

w 

l.Ui» 

.11 

77.7 



Suju’rphosphnit s. 


HI!) 


The proportion of »*ro\vns nml h-.-ives will, (»f course, v;ii v cun 
sideral)ly with vjiricty, soil, tilln^o* und ni:ihn-ity. 'IMic results 
obtained from an examination <»f (|nile a larc;e nmubei’ of whole 
plants indicate that oti an avei‘a;^e tliere ate r>7 per eciil uf 
trimmed beets, 17 per e«*nt of crowns, aiul ‘Jd percent of leaxcs: 
or to ])rodnee one ton of trimmed beets rea<ly for shipment t(» 
tin* ftietory, there would also be j^rown oiKl pounds td' erowm» and 
bl'J pounds of leaves. 

The ])lant-food used in the prodiietion of (jne ten of market 
able su^.ar beets is shown in the followin;^' talde; 


Nit resell, 


Ho 

( )m< ton irimtiicil twets .*» r»ti 

5 'Jl pounds «)f crowns U •'*<) 

arj iMUinds of leaves s| 

Total itlant -food used in prodneiny 
one ton <d' t riinmed Keels II 


A crop of I'J tons per a< re will nse p;s 


I Miosplmrie Writer, 


II- 

.leid. llo, 

II. S 

7 JO 

J Jo 

1 ,.V.»J 

■J It.*' 

,7i 

iVo 

'.»:»} 

I’t >'j 

1. 

ii.'.i'J 

70 H 

';i7 "1 

17 01 



It is usual, however, to leave tin* erowns ami lettves on the 
land, where they (piiekly deeay .ami 'ip their fertili/,in^' <‘on- 
stituents to sueeee<lin^ erops. 'I'he jimonnt of fertility removed 
from an acre of land by takinj^ tiway only the twelve tons of 
trimmed beets would be : Nilroj^o-n <>7.2, potash si;. }, and pln»s- 
phoric acid 2<).4 ])onmls. 

The following table {.^ives tb** fert iii/iii;,' i*onsl it ijent s of one 
ton of bet*t pnii», b(‘et molasses and limc-cake: 

Nit rotten. l*ot;i^h. PImopImo ('■ \N liter, 
n.v. 

(>ne ton extraet^sl eor-iitas or Keet 

pulp 1 

One toil tieef Tnola'*se'i L'l.lO 

Olio ton of lime eako frotn tin* jniri 
fying tanks 


It.s, aei.l.llo H.h 

] 71! XI 1 

JO .;!i k:;'J 

.'J.o.'i HIT «7t 


N(>tf7 to thk l)isrrssioN «'F SepKHPifospHA'i ks, 

I'AtiKS 2b?^ -d<'2. 

The terra ’’8ii}ierpljospliat< s” is soinewbrit iniHlesuliii}' when 
we come to consider tlio nature of the substances coinmoiily 
known as "double pbo.spbat<*s." A better method of nnmin(,f is 
mentioned by Wiley*: that the term "acid pliospbatc” be 


'Agricultural Analysis il. 100, 
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to tlio product of tlic judioii of sulfuric^ aci<l on trical- 
cinin pliosphato, arid ” suporphospliato ” whori tin* 'aotinjj acid 
is pliosplioric a-cid. In idthor <'as(^ tlio saiiio (*oin])ouiids of 
limo and plios|)}ioric a<*i<l may Ian formed, hiit when j>hosphoric 
acid is till' aetive aj^rnit there is no ‘^yi»snm pi-odneed. So that 
till' tine '' snpeipliosphate ” may dilTer fnnn the ordinaiy ''acid 
pho^i])hate” only in the ahsenee of ^ypsnm. It may, in conse- 
(pieiK'e, carry as hi;^h as three times as iniudi avaihihle j)hos- 
phorie acid as the ordinary a<*id phosphate'. 

M’h(' phosphoric aciel whiidi is used in the mannfiictni'i* of 
thi'se siiperphosphatcH is obtained fro!n tricalcium phosphate by 
the action of an exi'ess of sulphuric acid. The reaction may be 
I'epi'esentiMl by the equation: 


('h()| Il2S()4 Ib..()] (’aS 04 

(’ao > ly >54-1 i..s( >4=11,. () liy )54-(’aS()4 

(’aO) H2S()4 lM)j (’aS()4 


ll(*re, all the cahdum of the tricalcium phosphate unites 
witli the sulfuric acid to form j^ypsum, and the jdiosphoriii acid. 
IbOs, is united to thri'o ]>arts of water, llaO. This comjiound 


/ HsO) 

with water I HaO SPaOs 

' lltO) 


is the true phosphoric acid of the 


(diemist, while the substaniM* desij>:nated by p 2 ()s is tlie phosphoric 
acid of the a^ricultuiast. Tlie jihosplioiic acid made in this 
way can be separated from the f^ypsum by distillation and used 


to act oil more 

tricalcium 

phosphate. 


CttO ] 

ILO 

1 CaO ] 

lUO] 

PaO 

^ PaOs+H.O 

Um)v IM) 

^ PaOs-f t’aO } 

(’aO J 

HA) 

I H.oJ 

TaO J 


Some of the calcium of the tricalcium phosphate unites with 
the free phosphoric acid and becomes replaced by water (HaO), 
thus forming? both mono- and dicalcium phosphates, which to- 
gether constitute available phosphoric acid. There is no gypsum 
produced in this reaction, because there is no .sulfuric acid 
present. When phosphatic fertilizers are to be transported long 
distances, there is much saving in freight by using high grade 
products, which may contain as high a^ 40 per cent 'of available 
phosphorie acid. 
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THE RURAL SCIENCE SERIES 

Includes books which state the niidiu'lyiutj principles 
of agriculture in plain lanjjuafje. Th(‘y are suitable 
for consultation alike by the amateur or professional 
tiller of the soil, the scientist or the student, and art 
freely illustrated and finely made. 

The folIo\vin<^f volumes are now nuidy: 

THE SOIL. By F. II Kino, of the U„ivorsity of Wis. oi»><ln. 303 pp. 4$ 
ilhislnitlous. 

THE FERTILITY OF THE LAND. By I IV Fohkrts. of Cornell Fiilver- 
iiity. 421 pp. 4.> illustraiioiiH. 

THE SPRAYING OF PLANTS. By K. O. Lf)i>KMAS. Ute of Cornell Cnh 
versity. 21K) i»p. irj illu^lnltiouH. 

MILK AND ITS PRODUCTS. By H. II. Win(j. of (' ornell rnlvemlty 
311pp. 43 illu'^lrntioiiH. 

THE PRINCIPLES OF FRUIT-GROWING. By L II Baii.icy 518 pp. 

120 illuHtnitionH 

BUSH-FRUITS. By F. W Caui>. of Rho.le (’olloifi, of Agrlcnllnre 

and Mochanir Arts. .'»37 pp. 113 llluHt rat 
FERTILIZERS. By K. B. Vookhkkh, of Now .lorsoy Kxp»Tlirient Station. 
332 pp. 

THE PRINCIPLES OF AGRICULTURE. By L H Baii.icy. 300 pp W 

iilu'it rat ions. 

IRRIGATION AND DRAINAGE. By V. 11. Kiso. CnivoiHlty of Wiso,>„»ln. 

.'kj 2 pp. 183 lilustrulioii.s. 

THE FARMSTEAD. By I. I*. RoHRitTM. 3.50 pp. 13K illuHtrallon*. 

RURAL WEALTH AND WELFARE. By Oicr)H<)K T Faihuiii.o, Kx I'rotl- 
dont of the .\gri*Miliiir.al Collogo of KansaH. ;jrtl pp. 14 rhartn. 

THE PRINCIPLES OF VEGETABLE-GARDENING. By L H Baii.ky. 
408 pp. 144 llltistrallons. 

THE FEEDING OF ANIMALS. By W II .Iordam. of Now York State 

Experimc*nt .Station. 450 pp. 

FARM POULTRY. By (Jkoio.k <V Wat.sos, of Pennsylvania State College. 
341 pp. 

THE FARMER’S BUSINESS HANDBOOK. By I P. KoHicRTg. of Cornell 

University. 3<i0 pp. 

THE CARE OF ANIMALS. By Nilron S. Mayo, of Kansaa 8UU A*rt* 

cultural College. pp. 

THE HORSE. By 1. P. Roberts, of Conaell Uuivemity. ilSpfp. 

New volumes will be added from time to time to 
the Rural Science Series. The following are iu 
preparation; 

PHYSromOY OP PLANTS By J C Arthuk. Punlae UniTenlty. 

THE PRINCIPLK.S OK STOCK BKEEDINO. By W. H. Briwbr. of YaU 
University. 

PLANT PATiIOMXJY. By B. T. OALU>WAr and aaaoeUlM. of 0. 8. Dof^art 
ment of Agriculiare. 

THE POME FRUITS (ApplM» PMura. QniRoaa). By L. H. Dailot 



THE GARDEN-CRAFT SERIES 

Comprises practical handbooks for the horticultur- 
ist, explaining and illustrating in detail the various 
important methods which experience has demon- 
strated to be the most satisfactory. They may be 
called manuals of practice, and though all are pre- 
pared by Professor Bailey, of Cornell University, 
they include the opinions and methods of success- 
ful specialists in many lines, thus combining the 
results of the observations and experiences of nu- 
merous students in tliis and other lands. They are 
written in the clear, strong, concise English and in 
the entertaining style which characterize the author. 
The volumes are compact, uniform in style, clearly 
printed, and illustrated as the subject demands. 
They are of convenient shape for the pocket, and 
are substantially bound in Ilexible green cloth. 

THE HORTICULTURIST’S RULE BOOK. By L. H. Bailxt. IU pp. 
THE NURSERY-BOOK. By L. H. Bailit. 365 pp. 152 illaitrations. 
PLANT-BREEDING. By L. H. Bailky. 293 pp. 20 illustratloni. 

THE FORCING-BOOK. By L. H. Bailey. 266 pp. 88 Hlustrationi. 
GARDEN-MAKING. By L. H. Bailey. 417 pp. 256 illustration!. 

THE PRUNING-BOOK. By L. H, Bailey. 545 pp. 331 illustrations. 

THE PRACTICAL GARDEN-BOOK. By C. E. Hunn and L. H. Bailiy. 
250 pp. Many marginal cuts. 



WORKS BY PROFESSOR BAILEY 


T he survival of the unlike: 

A Collection of Evolution Essays Suggested 
by the Study of Domestic Plants. By l.. H. 

BAILEY, Professor of Horticulture in the Cornell 
University. 

FOURTH EDITION BIS PACES ILLUSTRATIONS St. 00 

To those iiitcn‘sU‘(l in the mhh*rl philosophy 
of plant life, this volunn*, written in a most enti'r- 
tainin^ styl(‘, and fully illustrated, will prove wel- 
eoiiH*. It treats of the inoditieat ion of jilants umler 
eullivation upon the evolution theory, and its alti- 
tude on this interesting suhjeet is eharaeterized 
hy the author’s well-known originality and inde- 
pendence of thou^dit. Incidentally, tln*re is stall'd 
niinth (hat will la* valuahle and suo;r,.stive to the 
workin^^ horticulturist, as well as to the man or 
woman impelled by a love of nature, to horticul- 
tural i)ursuits. It may well he called, indt'cd, a 
philosophy of horticulture, in whieh all interested 
may find insjiiration and instruetion. 

The Sukvival of the Unmke rompris' s thirty * touchinj^ 
upon The G»*n(*nil Fact anti IMiilosophy of Kvolntitni (The IMant 
IiuHvidual, Experimental E'volution, ('tixey’« Army and th»? Knmian 
Thistle, Herent Progres.s, ete.t; Exptnjntlin;: the Faet anti ( ’an s of 
Variation (The Supposeti C'orrelatioiiH of (Quality in Fruits, Natural 
History of Synonyms, Hi*fh‘<‘tive I«)iires.sit>Tis, Helatittn <;f Seed- 
bearini? to Cultivation, Variation after Hirth, Kelation between 
American and Eastern Asian Fruil.s, Horticultural Gettj.>:raphy, Prtih- 
lems of Climate and Plant.s, American E'niit.s, Acclimatization, Sex 
in Fruits, Novelties, Promi.sing Varieties, etc.); aid Tra/’in^ the 
Evolution of Particular Types of Plants ( the Cultivated Strawberry, 
Battle of the Plums, Grapes, I’ro^ess of the Carnation. Petunia, 
The Garden Tomato, etc.;. 
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T he evolution of our na. 

TIVE FRUITS. By L. H. BAILEY, Pro- 

fessor of Horticulture in the Cornell University. 


4T4 FAQIl-1t« ILLVtTIIATIONt 

In this entertamiiif? volume, the orierin and de- 
velopment of the fruits peeuliar to North America 
are iiKpiired into, and the j)ersonality of those horti- 
cultural j)ioueers whose almost for^^fotteu labors 
have ^iven us our most valuable fruits is touched 
upon. There has Ixuui careful research into the 
history of the various fruits, iiududiii^ inspection 
of the records of the j^reat European botanists who 
have j?iveu attention to American economic botany. 
The conclusions reached, the information presented, 
and the su^jifestions as to future developments, can- 
not but be valuable to any thoughtful fruit-grower, 
while the terse style of the author is at its best in 
his treatment of the subject. 

The Evolution of our Native Fruits discusses The Rise of 
the American Grape (North America a Natural Vineland, Attempts 
to Cultivate the European Grape, The Experiments of the Dufours, 
The Branch of Promise, John Adluin and the Catawba, Rise of 
Commercial Viticulture, Why Did the Early Vine Experiments Fail I 
Synopsis of the American Grapes) ; The Strange History of the Mul- 
berries (The Early Silk Industry, The ”Multicaulis Craze,”) ; Evolu- 
tion of American Plums and Cherries (Native Plums in General, 
The Chickasaw, Hortulana, Marianna and Beach Plum Groups, 
Pacific Coast Plum, Various Other Types of Plums, Native Cherries, 
Dwarf Cherry Group); Native Apples (Indigenous Species, Amelio- 
ration has begun); Origin of American Raspberry-growing (Early 
American History, Present Types, Outlying Types); Evolution of 
Blackberry and Dewberry Culture (The High-bush Blackberry ana 
Its Kin, The Dewberries, Botanical Nam^s); Various Types of 
Berry-like Fruits (The Gooseberry, Native Currants, Juneberry, 
Buffalo Berry, Elderberry, High-bush Cranberry, Cranberry, Straw- 
berry); Various Types of Tree Fruits (Persimmon, Custard-Apple 
Tribe, Thorn-Apples, Nut-Fruits) ; General Remarks on the Improve- 
ment of our Native Fruits (What Has Been Done, What Probnhly 
Should Be Done). 
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L essons with plants: 

tions for Seeing and Interpreting Some of 
the Common Forms of Vegetation. By l. 

H. BAILEY, Professor of Horticulture in the Cornell 
University, with delinettions from nature by W. S. 
HOLDSWORTH, of the Agricultural College of 
Michigan. 

aieONO KOITIOII~4ei rA0ie<-44e ILLUSTMATIONt-tt MO- 
OLOVH^ei.lO NtT 

There are two ways of lookiiij^ at nature. The 
0ld way^ which you have found so unsatisfactory, 
was to classify everyth in^j— to consider leaves, roots, 
and whole plants as formal iierhariuni s|)(*ciinen8, 
forgetting that each had its own story of growth 
and development, struggle and success, to tell. 
Nothing stifles a natural love for plants more (^fTect- 
ually than that old way. 

The new way is to watch the life of every grow- 
ing thing, to look upon each jilant as a living 
creature, whose life is a story as fascinating us the 
story of any favorite hero. ’’Lcs.soiis witli i^lants” 
is a book of stories, or rather, a liook of plays, for 
we can see each chapter acted out if we take the 
trouble to look at the actors. 

"I hATe spent some time In most delightful exAminstinn of it. nnd the 
longer I look, the better I like H. I And it not only full of interest, btii 
•mlnentlj suggestive. 1 know of no l>ook whirh )>«>gins to do so much to 
open the eyes of the student— whether pupil or t#uwh»T — to the wealth of 
■teAiUng eontoined in simple plant forms. Al>oTe all else, it se<*ins to be 
full of suggestions that help one Uy iearu the langtiage of {tlants. so they 
BSAy talk to him.”— DaBWIN L. BaBDWIIX. SuperintenfUnt of Sehoolt, IHng 
hamton. 

"It is AH Admirable book, and eannot fail both to awaken interest in 
the subjeet, and to senre as a helpful and reliable gtilde to young studenUi 
of plant life. It will, I think, fill an important place in secondary schools, 
ana oomes at an opportune time, when helps of this kind are needed and 
Saif lx aought.”— F^fessor V. M. Spaldinu, (7nieersi<y of Michigan. 

FIRST LESSONS WITH PLANTS 

An Abridgement of the aboTo. 117 pngtM — 116 Ulualm* 
tiooi’— 60 cents nelt 
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B otany : An Elementary Text for Schools. 

By L. H. BAILEY. 

3S5 PACES-~«00 4Li.USTIIATI0NS-$1.10 NET 

''This book is inatlo fop tho pupil: ‘Lessons With Plants* 
was made to supjilement tho work of th(3 teaeher.” This is the 
ojH.Miinj' fieiitence of tho preface, sliowinj^ that tho book is a 
comitanion to "1 wessons With Plants,” whitdi has now becorao a 
standard teacher’s book. The present book is tho handsomest 
elementary botanical text-book yet made. Tho illustrations 
illustrate. They aro artistic. The old formal and unnatural 
Botany is bein^ rapi<lly outgrown. Tho book disparages mere 
laboratory work of the old kind: the pujiil is taught to see things 
as they grow and behave. Tho pupil who goes through this book 
will understand th(3 iiK'aning of tho plants which he sees day 
by day. It is a revolt from tho dry-as-dust te.aching of botany. 
It cares little for science for science’ sake, but its point of view 
is nature-study in its best sense. Tho book is divided into four 
[)arts, any or all of which may be u.sed in the school: the plant 
itself; the plant in its environment; hi.stology, or the minute 
structure of jilants; the kinds of plants (with a key, and de- 
scriptions of 300 common species). Tho introduction contain® 
advice to teachers. The boot is brand now from start 
dnish. 

” An exceedingly attraetlve text-book.”— JTducattonai Rwuw. 

"It is A school hook of the modern methods.”— JAc Dial. 

"It would bo hard to find a better manual for schools or for Indl- 
Tldual use.”— r/jc Outlook. 
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T he cyclopedia of American 

HORTICULTURE: Bv I.. H. 1^>A11 1 Y, of 

L.'orncll University, assisted by 

and many expert cultivators and botanists. 

4 VOLS. oven *100 OaiCINAL fNCRAVlWCa CLOTH OCTAVO 
ttO.OO NET Pin SET. HALF MOROCCO, a?9.00 MET PfK ’ 

This }jfrr;it Work oonipfisrs ilirrolinns for tlio ciil* 
fivalioii of 1 hm‘ 1 ii'iill nral rrops ami oiii^iiial (Irx'i’ip 
timis (if all tlio sjMM'irs of fruit'', \ rp* ; lii'h s llo\v< i’s 
and ornaiinnit al plants known to Ix^ in the iinirKct in 
the rnitetl Slat(‘s and ('anada. "It ha>the nnitpie 
distineti(»n of present inj.^ for the first time, in a e:i;v- 
fnlly arran^^ed .iikI pcrleetly a<‘<‘r.^sihle lorin. the best 
kliowleil^i' ot the In'st speeialists ill Anierie;i llpoll 
^ard(‘nin‘T, frnit - LU‘<>win}T. vejTetalde mlt lire, foresirv , 
and the like, as well as exact hotanie.-d informal ion. 

Tile eont rilmtors are eminent eiillivalors or 
spiahalists, and the arranrrotnent is \er> sssteinatie, 
c*i(‘ar and convenient for ready reteri iie» 

'* Wf, liavt* a ^vork wl.i'lj ♦•vr-ry ftrnliM io'is (»;«r'l'ncr ''in 1»i jilafo 

on his shelf r. 'i'l*' his Ni. h‘>K''ii aii-l his Lo'i-!"n ni <I for ''. -ii u'-ers '*f it i 
U)n fi<lvailfe<i i!o:neii«‘!:»l 'i n* Uo.i’al h;tv.- hei-ii t" th‘- laO e 

With the saf** iiaiiu-s h*-n- Oe*''- is lilt:*- liahi!il> p. r pl.iiity. 

Vhere is a ur<n\!iii,' i '!i pat ii-ri''*- '.vitli iiiie'li «if tlx- 'uiit i*r. <■ »>';> I'l; 

reviBifin of naiie-s i.f otfc.'amsiri'-. •.vii. 0i<T -.f pl.ai.n* <>r aiiiina!- Tin. sc in 
vestiifators wh" ar*- h i'ieil nilh tj.i- . < ' a, asp. < tK «.) < n ^.a n i'- in s am! 

also those wild ar*- -lii't’.v i-dm-.ri.eil ■.'.itn t i.i- .app^'aiion ol p!,«nts to 111 ** 
arts of Ht'neulen.-. hofn-ulture, a'.-l f* i O .- narm-s nf i.ruarosins 

'unler e\afii ill a I i' -!i oii.y s., };,r ;»s the-** ai<l in ton an*! nli-iiOfi'-at M'Ii 

To iiit rod nee luiii* e‘-« '.ary ednf!isi<.it ■' a seraois Mt.i.ijt r CroftsKor I'.ail* > 
has avoitletl the risk «'t e.-nfnsioti In short, in rat;i;e treatin-i.t aii<l e-lit 
Mitr. (’yUoi..-.lia anp-ars t., »,*• emphat i^alyv tmef-e . a work worths 

of ranking by tl.** 't-b- - f the ( Vntury Dletionary. ' T'/o' \o/ion 

This work is sold only by subscription, and terms and 
further information may be had of the publishers. 
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C yclopedia of American 

AGRICULTURE. Edited by PROF. L. H. 

BAILEY, of Cornell University, Editor of “Cyclope- 
dia of American Horticulture”; author of “Plant 
Breeding,” “Principles of Agriculture,” etc. 

WITH 100 FULL>PACK PLATIS AND ABOUT t.BOO ILLUSTBATIONt 
IN THE TEXT 

TENTATIVE SYNOPSIS OF (M)NTENTS 
VOLUME I 

Part I— Gknkrai> Considkhations— A grifultuml Regions— Farm Industrie 
— Layout of a Farm -I'itjuipint'ut and I'apita) Kequi rod — Farm Buildinga 
Farm Water Works— Farm Machinery— Atlornmoiit of Farm Premises— 
‘RT II— Ummatoi.ooy- ( tenoral Definition ami Scopo-Atmosphere—Tem- 
peratnro— Pressure— (Mrculation— Atmospheric Moistuie—Storm*—Pre- 
v..pitation— Weather— ('limate. 

Part III— Tmk Soiri—lJoueral Considerations— Origin and Formation—Klndi 
and (Characteristics — [Properties— Derm Life in the Soil— Moisture— Til- 
lago— Fertilizers— VV’^nste and Renovation— Soil Surveys, 

VOLUME II -FARM CROPS 

Part I — Plant pRonpcTiON— Tlie Plant— Environment— Plant Improvement 
— Farm Managtonent — Plant Introduetion - Classifications— Industries. 
Part II — iNOiviDUAii Faum Chops (suggested treatment)— Oeneral— (Geo- 
graphical Distrihution and Extent — l*ropagation and Cultivation— Varie- 
ties— Harvesting and l’res('rvation — Uses ami Preparation for LTse — Man- 
ufacture — Obstructions to (Growth — Marketing — Exhibiting — Tools— 
History. 

TIMBER CROP (Farm Woodlot) 

Introductory— Factors of Forest Production— Methods of Forest Growing- 
Systems of Forest (dropping— Improving and Caring for (^rop— How t» 
Treat a Mismanaged Woodlot — Uses of Different Woods— Home Utiliza- 
tion of the Crop— Measuring and Marketing Forest Oops. 

V(GLUME III — FARM STOCK 

Part I— Grneral PRlNt'iPLKS— Introduction— Kinds of Animals— Kinds of 
Animal Industry— Origin and Breeding of Domestic Animals— Physiol- 
ogy-Feeding— Hygiene. Sanitation and Management, 

Part II- Outline for Tkk.vtmknt of Different Kinds of Animals— 
(General Tntroduetory Di.scwssion— Distrihution and Extent— Classifica- 
tion of Bree<is ami Types— Breeding— Feeding and Feeds— Management 
and Hygiene— Pnaiucls— Diseases and Disabilities— Judging p,nd Scoring 
— Marketing— Kxlnbiting— History. 

Part III— Animal iNDr.sTRiKS or Tkchnoix)oy— Dairying— Dressing and 
Curing of Meuts—Storage— Refrigeration— Fertilizer Manufacture. 

VOLUME IV 

The Farm and the Community (Economics, Social (Questions, OrganUa^ 
tions, History, Literature, etc). 
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